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1.     INTRODUCTION 

a. This report covers the results of experiments directed toward 
the design, development, and testing of a laboratory-model, rough- 
terrain landing gear system using foldable high-flotation tires built by 
a novel continuously-wound-cord method and using venting-hub shock 
absorption.   The contemplated end use of such a system is for STOL 
aircraft operated from rough, unprepared fields.   The tires, due to 
their relatively light weight, low inflation pressures, and economical 
methods of production, can also be ideally adapted to land vehicles for 
off-road use, offering improved cross-country trafficability with lessoned 
tare weight.   This prototype development project was preceded by ana- 
lytical studies which indicated feasibilitv and which were reported upon 
by Fairchild Aircraft Division Reports Number R245-004I, R245-004II, 
and R245-004III, entitled, "Analytical Study of High Flotation Tires for 
Aircraft." 

b. Early in this program \t was recognized that development of 
the capability of operating aircraft from rough unpaved fields would re- 
quire revolutionary advances in tire design and manufacturing techniques 
in order to achieve low inflation pressures and to minimize weight penal- 
ties.   In addition, the size of low pressure tires posed problems of 
stowage space; and the ability to envelop rigid obstacles, rather than 
rolling over them, demanded higher deflections in the tires than was 
available from tires built by conventional methods.   This latter aspect 
led to exploration of pneumatic shock absorption methods in order to 
overcome the rebound inhe,   nt during landing from the undamped spring 
i.ctk    of low-pressure tires with high deflection.   There were three 
prub.em areas:   weight, size, and rebound. 

c     Details of the work in these problem areas are presented in the 
appendices to this report which are, in themselves, complete reports of 
the work in question.   The main body of the report summarizes the 
findings and conclusions of the reports appended hereto.   No extensive 
discussions are contained in this main body. 
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2.     SUMMARIES 

As would be concluded from a perusal of the appendices, workable 
solutions have been found for the problems cited in the above mu-oduction. 
Feasibility of the novel, continuously-wound-cord, high-flotation, fold- 
able tires has been demonstrated.   Considerable research must still be 
conducted, however, before minimum weights and maximum service life 
are attained.    Likewise, shock absorption and damping of the rebound of 
the high deflection, low pressure tires have been demonstrated.   And, 
finally, folding of these tires in a slipstream at 95 knotc was achieved. 
Summaries of the results of the work in each problem area - tire build- 
ing, snock absorption, and folding - are presented in the following 
lettered sub-paragraphs: 

a«     Continuously-Wound-Cord Tires 

(1)   As reported in detail by Appendix 1, Development of Tech- 
niques for Building High-Flotation Tires of Continuousiy-Wound-Cord, 
R245-015, feasibility of production of foldable, high-flotation tires by 
the novel, continuously-wound-cord process has been demonstrated and 
a number of successful tires have been built by this method.   The basic 
process can be deduced from examination of Figure 1. a photograph of 
the specially-built winding equipment.   Briefly, tire cord, freshly 
coated with green, uncured carcass-stock rubber is passed through the 
hollow spindle of the winding arm, over fair leads on the arm and is 
wound into position on the mandrel on which has been applied a sheet 
of liner stock rubber.   The winding arm rotates clockwise viewed from 
the left side of Figure 1 and the mandrel rotates counterclockwise viewed 
from the front of the figure.   It may be noticed that the winding position 
of the hubs is outboard on the spindle of the mandrel at the distance from 
the mandrel which provides the desired tension in the cord when the 
hubs are pushed into the curing position in the recesses on each side of 
the mandrel.   Varying the rotational velocities of the winding arm and 
mandrel varies the cord pattern across the tread areas of the tire.   By 
varying these velocities, the shape of the mandrel, the size of the hubs, 
and the clearance between the end of the winding arm and the mandrel. 
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2.    SUMMARIES (Continued) 

a.    Continuously-Wound-Cord Tires (Continued) 

any reasonable cord pattern can be achieved in the tire.   Since the cord 
pattern determines the inflated shape, and this in turn affects stress 
distribution in the tire when in service, this basic method permits 
remarkably close control of tire characteristics.   In other words, the 
method gives precise control of the density and direction of the tire 
cord, throughout the carcass, in the cured tire. 

(2) After the required amount of cord is wound into place on 
the mandrel, another thin sheet of carcass stock rubber is applied 
over the cord, the desired tread stock is applied over the tread area 
of the tire, the mandrel is removed from its spindle, the hubs jacked 
toward each other into the curing position, special curing flanges are 
place concentric to each hub, the whole assembly is covered with a 
pressure barrier of plastic film, and the assembly placed in an auto- 
clave for cure.   During the curing process, a vacuum is maintained on 
the inside of the tire to assure that curing tank pressure is maintained 
on the carcass.   This positive pressure coupled with the vacuum assures 
that air trapped in the carcass during winding is removed from the tire 
during the cure and that any volatile material in the uncured rubber is 
likewise removed.   Figure 2 shows a 34-inch tire in the curing auto- 
clave. 

(3) Additional conclusions from Appendix 1 are as follows; 

(a) The techniques presently available for the continuous- 
cord tire-building need to be refined and the process simplified before 
production of  continuously-wound tires is programmed. 

(b) Analysis of the presently available techniques points 
clearly towards the path to follow during the evolution of satisfactory 
manufacturing processes. 



■*Jfc- 

•3»v. 



2.     SUMMARIES (Continued) 

a. Continuously-Wound-Cord Tires (Continued) 

(3)   (c)   Uncertainty in the stress distribution in a high-flotation 
tire carcass when severely deformed under load indicates that it will be 
necessary to use empirical methods in the refinement of the design of 
continuously-wound-cord tires. 

b. Characteristics of High-Flotation, Foldable Tires 

(1) When the tire building experiments had progressed sufficiently 
so that several successful laboratory-model tires had been produced and 
future success could be logically predicted, it was decided to flight test 
the system.   Preliminary to design of the flight-test, venting hub system, 
the test model tires were submitted to exhaustive tests to determine their 
load carrying ability and their reaction to encountering rigid obstacles and 
crossing pot-holes.   Static tests on a specially design test rig produced 
the load deflection curves of Figure 3.   The test rig is shown by Figure 4. 
These curves and other data obtained from the static tests are contained 
in Appendix 2.   These other data include side and drag loads developed 
on the tire just prior to skidding for various vertical loads at several 
inflation pressures. 

(2) The static tests were followed by dynamic tests to determine 
rolling resistance, cornering forces developed when the tire was steered 
and the reactions to encountering rigid obstacles and crossing ditches, all 
at several vertical loads and inflation pressures and at several speeds. 
These rolling tests were made with the same rig (Figure 4) operated as a 
semi-trailer.   The dynamometer column on this rig was instrumented to 
secure simultaneous readings of the three perpendicular forces along the 
primary axes and the three moments about these axes.   Typical results 
of these tests are presented by Figures 5 through 9.   Details of the dy- 
namic, or rolling test program, are contained in Appendix 3. 
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Record 
No. 

12192 

12195 

12246  

12247 

.12203 

_12204 

.12206 

12218 

12219  

 12207 

12208 

12220 

1220JL__. 

12209 

12210 

12248 

Figure 5 

High Flotation Tire    -   Obstacle Test 

1 

Obstacle 

Tire 
Pres- 

Height 

2" 

2" 

sure 
(P.S.I.) 

4 

_A  

2" 

2" 

Z'L 

Static 1 »Actual 
Vert. Vertical 
Load Load 
(Lbs.) i (Lbs.) 

1500 

1500 

2400 

2800 

Peak Loads Occuring at Obstacles 

Side     [ 
Drag    (Moment j Wheel 
Load        In.      1 Speed 
(Lbs.) 

336 
-895 

Vert. 
Load 
(Lbs.) (LbsO    |(m.p.h. 

-5285 28.6 

■Baas    4Q,i 

2" 

2" 

2" 

2" 

2" 

2" 

2" 

3'± 

A  j 3Q0Q --.U54Ifl_ 

4       1 3ÜQD I ,...54.7Q 1 MIT    I -10*1 ; -+—    |   280 

jL_„JU5üa_„._287Q uMä? L_=ao3ß 
I I    336 

.-r2ßlQL_x-3Q^5  

-12.. 

12 

12 

12 

12 

12 

4 

4-1500 2200 

i   1SOO M70 

| 3000        5200 

; 3000 
( 
:.i5oo 

i 1500 

5292 

snag 

8392 

US- 
-810 

7926   j  19.6 

5670 

2270 

3000 

; 9148 

j 5443 

! 6274 

.15QQ. 

5670_i_192JL 

2670     i 5443 

560 
-560 

390 
-924 

365 
-645 

812 

- 1Q570-j_.43^a,- 

•2610   1  19.1 

_12_ 

.-..ISiuQ.. _253IL 5821 
0 

644 

-2610   | Sfl.l 

1 -7925 
,  -1321Qaj43.0 

. ±2M2   \ 39,6 

15.00 JL21IL 4460 
476 

-6,44 

.-ia4a4_ 

.1B«B2 JLAU 

 12250 

I 12249 

12251 

2" 

2", 

4- .12. 13000 331(L .5373_ 

JA. 45oa am. im. 
--744 U-18270 

1005 
-=i4Q5 ^_z2M9SL 

',^12253 

;     1225 

12255 

L 

2" 

2" 

2" 

2" 

..,.- 12 

12 

16. 

3000 

4500 

2270 5373 

a9_L 

19_L 

X9^i. 

2600 5857 

1060 
•T~71 

i -1115 

•23490 

A5Q£L -270      _46ß4. 

12256 i    2" 

24. 

24 

24 

i„,1500, 
I 3000 

4930 
8600 

.10540 „ 
14329 

"SIT 
-26100 

-.365411 

532 
945     \  -41760 
m 

4500    i 9130     1 15018   ! -iaai   I .Mm 

38.7 

40.6 

.3^9. 

*Just prior to impact. - 9 - 



Figure 6 

High Flotation Tire - Obstacle Test 

Record 
No. 

12274 

Obstacle 
Height 

.I22L63 ._    4" 

12282  

JL22fi5  
12280. 

12281 

JÄ3I2. 

A2Z2S. 

J22ZS. 
12433 

(P.B.l.)  <IA«T> 

6" 

6' 

 12. 4Q.0Q 

JtL 

.611 

6M ...12. 

. 1243.6 

12487 

12431. 

12432 

-T 

8' 

. 4" ctogp 

4" 

8" deep 

^"deep 

Tire 
Pres- 
sure 

4 

24 

12 1SQQ 

_2^ 

12 

X— 
_12- 

02. 

Static 
Vert. 
Load 

*Actual 
Vertical 

Load 

1500 

150Q 

__15ÜCL. 

3000 

1B00        2130 

1500 

*«•-*'." ■  ■ ■ ■ 

Peak^Loads Occuring at Obstacles 

Vert. 
Load 
(Lbs.) 

4800 1730 

4400 ^_115I3 

a7^o      iiaot 
-■i 

iflQQ 

6067 

9067 

Drag 
Load 

(Lbs,) 

-960 

.,.iaQD.._i_ 

.A92£L i 

3130   J    10800 1   -13«0 {    18270 

3000 3400 11467 

4000 3330    J   10533 

1200 

A Ll5fiö_. 

270 3067 

-3311 

12 

4 

_ififia 
1500 

1500 

„laaü. 
3670 

1400 

3670 

-3000. 

.13? 

|   933 

1067 

Side 
Moment1   Wheel 

In.        Speed 
(Lbs.)  frn.p.h.) 

10440      20.5 

„IMSOJ—Ifi-Q  

-18270 

__33S3ü. 

•1890      23490 
365 

„-HIP      IM! 
620 
•1551 i   1566Q 
565 

--1380. 
730    ' 

-laBO ;   1566IL 

JL5M0- 

620 m, 
■1020 j   5380 

10760 

20.2 

_1.8.6 

6.9 

680 
.^535 

■ ■XX a .0 

18830 LiQjaL- 

^|-4,-,1883Q ;    16. Q 

-1045 I   10760 i     ♦ 

JL244£L 12"rieep -24_ 1500. 1530 400 
850 
80- 

12241 I2"deep 24 3000 2400 400 
"I 95 

^üo 
-510 

.3380- 12.9 

8070 13^2 

12442 12"deep 24 4500 3400 133 64550 :    14.8 

* Just prior to impact. 10 - 



1 Figure 7 

High Flotation Tire - Rolling Tests 
Drag versus Vertical Load at Various Tire Press. 

Record 
Number 

Vert. 
Load 

2670# 

Drag 
Load 

501# 

Tire 
Pressur( i 

12198 4 PSI 

12245 

.        12247 

12204 

12218 

5130# 

5470# 

220O# 

5200iL 

3070# 

1512# 

1395# 

639» 

_ mm*. 
1686# 

4 PSI 

4 PSI 

12 PSI 

JÜLEfiL 
12 PSI 

   

12250 

12254 4930# 1512# 24 PSI 
[ 

 12255 8600# 1366# 24 PSI  , 

12256  
J                      T  

9130#  1    1221#l 24 PSI 

1               1 1 1 

• 

NOTE:   THESE READINGS WERE TAKEN 
AT THE SAME POINT - JUST BE- 
FORE THE TIRE HIT THE OBSTACLES 
DURING ROUGH TERRAIN TESTS. 
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Figure 8 
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Figure 9 

» 

a 
in : 
n i 

i 
u 
z 
53 
u a 
T   ■ 
r-   : 

o; -' 

.... 
■ 

.   . : !.. ::- 
-   

. . ;.. 
.:   'I' 

1 
: . . i ■-. i : ... 

■ 

-■ 

:_ . ! lit 

' i ■ ■ 
■   ■ 

" ■ ■ ; ■ ■ .:; n' : ■ i 
:•■ 

:;. 
1 i : 

^T"~ 

r. 
: ; i: 

: 
_■ 

'.:'.': 
■  ■ -   ■ ' 

■ ; 

. ;,: ■■ , 

.:: / ■ " 

: .   ;   , 
j j ■: 

!     . 
■. 

;' ■ 

.   : .'' ■ 

1 

.'..'.' 
.... ■ ■'■ 

: . 
■ 

. ■: ' .... rrr 
;.': | 

■  1 

/ 
.: : y.W 

■ ; T ■ 
, . - . ::". ; 

;;■ .  !: 

5 - - ■ . p£ :   :: 
■ i ■ 

■ 

;    ■ 
■ .   . : 

■ 

:,.. 

.: f ■ 

■ :    ;. 
:!:' 

■     ; 

■   ; :':. .  : : 

■   ■ 7 ■ ;    ; .... ■ ■ 

-i ! ' : ' ' ! . ' 
.... . .' . ' - 

■:" . 

■   • 

'  ■ 
'  ., | '  ■ 

i -   . 
'.''.' 

;; ■ 

"    ; ; ■ i :: ; ... . ...: 
; ■: 

-    ■ 

• :■ 

r- ■ 
■ •   . 

::. 
;■:. 

.... 
■ r" i : 

■ ■ :: 

::: 

;.. 1   ." 

■ ■.: 1 K 
1::; 

■::- 
■ 

:  : ■ 
.  '  '  . 

:: i i: 
... ill . 

■ 

.:: : 
■ ■ 

■ ■ 

u 
:;.: 

:::: i . - | 
f-i^. 

o   ^ 
.■  •    •   : 

3  • 
|i h <v '■- ■ ■ : 

% 
.... 

■  ■ 

• ■ 1 V| 

rv 
4 ■• l-'U 

: ■ . 
I g i ^ 

% 5< 
C ■ ■   ; 

; ■ - ■ , k ■:: t 

:::: : r .-.; 
;: ■ 

'..'.. -- 
■ 

1 ^ ".  .j-::: 

:   . : 
O     M \ ■ ■ ^J 

* , 
\ -   ' ■.;:: 

i 
^ 

■ 

.. W 
'.'-.■ 

:  ;; % 'A :::: 
■   ■ i ■ / ■  :' 

- 1 - . 
'. i: 

:: > 
-J-" .;.. 1 :.:: 

/ :: ;   ; ■iH '.'.'' 
rt 

' 

::: -1 ■' -    . - o ;:" .. ■   ■ I'.. 
'..'.' • 

^ r -  . c ■ .: ; 

4..: i—& 

1! 
..: 

• ■ m ..■:!,■   ■ 

._., 

' 
»      . 

" "; ' < 
; : - ■ i :■.■■ 

■ : v ::.: 
■: ■. 

■ :: 
-:   :r   ■ J ■'-■r' 

^■'-: m ;;:. 
:::"! 

■ \ \ > 
::': 

. :\# 
: ■ : 

■: ' :"■ 

,.. 7 n-!   : V 
4 

.: 

.:. 1 . 
■ :   ' A © / ■ 

■:'■': 

^ . n '.:: 
.■■:' I   

: ■■ ^^ 
; ■ J H:! 

-     . 
'..''. ::

: '::: 
•r- ' . ' ' ■ .  '.  ' . ;: 

-  .  . 
■ iti 

i  , . .  ~ :::'- [ i [' ■3 
O    Ml 

'. 

- 
■' 

■:■ 

■ 

■; ...  . --' ■ 

■— > ; • 

;: ■ 

■;' 

. . 
i .... 

~;'' 
■: 

■ 

' 
::: 

. . 

. : ■" 

—_ 
.; . 

:: < r 3IS:.:._. 1*   f» 
3 
1 

< m ' J . 
^-«♦■.i ftim   arte n^ti ö^cri 'J CUBK 

STT 

. i :■ 

■-: 

w •:■ 

> F "«-I«*     -- ^ ' •« "» mrtm CH   rjli i is ̂ K * 
S hMi4« ¥:0 -A oteM*y*ftA m R-i - ■ '< - 

■_ ;"; 

• 
d ■ '. y. 

i    -    ■ 

'117'. I - ' 1 . y 

- 13 - 



2.     SUMMARIES (Continued) 

b. Characteristics of High-Flotation, Foldable Tires (Continued) 

(3)   The general conclusion drawn from these static and rolling 
tests was that this model tire would carry successfully all loads which 
could be improved upon them by landings and taxiing of an L-19 type 
aircraft unless the structural limitations of the aircraft were exceeded. 
Therefore, it was also concluded that this model tire was structurally 
adequate for flight tests on the L-19 and four such tires were built for 
this purpose. 

c. Venting-Hub Shock Absorption 

(1)   With the results of the preparatory analytical studies as a 
starting point, a 750-pound, laboratory model, venting-hub, shock 
absorption system was built and tested.   This work is described by 
Appendix 4, The Design and Development of Laboratory Models to Study 
the Feasibility of High-Flotation Tires for Aircraft, R245-012.   This 
prototype system made touchdown at relatively high pressure, sensed 
the vertical load, and opened the vent valve proportionally to the instan- 
taneous load.   At a programmed pressure at or near the optimum run- 
out pressure, the valve actuating mechanism was disconnected and the 
vent valve closed by spring action.   The valves remained closed through- 
out the remainder of the landing run.   To preclude cocking and consequent 
possibility of initiating an undesired venting upon encounter of an obstacle 
while taxiing, the system was arranged to be re-cocked only (1) when 
airborne i. e. there was no vertical load upon the tires and (2) when the 
tires have been inflated to a pressure just short of that to which they are 
normally inflated for touchdown.   This, incidentally, permits a relatively 
high taxiing pressure which minimizes rolling resistance and tire wear 
on smooth pavements.   Reliability of the mechanisms was established by 
approximately 3000 drop tests without spin-up and some 350 additional 
drop tests with spin-up to touchdown velocity.   Landing gear efficiencies 
comparable to conventional oleo-shock struts were achieved. 

- 14 



2.     SUMMARIES (Continued) 

c.    Venting-Hub Shock Absorption (Continued) 

(2) Success with this laboratory model, 750-pound, capacity 
system led to a decision to adapt a partially designed 1500-pound capacity 
system to flight tests on an L-19 aircraft test bed.   Details of the develop- 
ment of these flight-test venting-hubs are presented by Appendix 5, FAMD 
Report Number R245-014, "Design and Development of Laboratory and> 
Flight-Test Models of Landing Gear for Aircraft to be Operated from 
Rough Unprepared Fields."  The puxpose of the flight tests was to deter- 
mine the behavior of the tires and venting-hubs under actual landing con- 
ditions.   These flight tests were made during the winter of 1959-1960 
and the summer of 1960,   Remarkably close agreement was obtained be- 
tween the drop tests and the flight tests with respect to sinking speeds 
versus landing load factors.   Details of the flight test program are con- 
tained in Appendix 6,  FAMD Report Number FT 245-1, Initial Flight 
Tests, High Flotation Landing Gear.   Figure 1C shows a plot of sinking 
speed versus load factor for both drop and flight tests. 

(3) In general, the flight tests confirmed the results of the drop 
tests and demonstrated the feasibility of suppressing landing rebound of 
highly deflectable, high-flotation tires by the venting hub technique.   The 
test bed used did not permit installation of a high-flotation tire on the tail 
gear because of limitations of gross weight and funding.   Thus it was not 
practic;u to use this test bed for exploration of the capabilities of the 
system by landings and take-offs from rough, unprepared fields.   It was 
considered that the small, high-pressure tail wheel, mounted on an un- 
damped spring,  would have presented a high probability of serious acci- 
dent under these conditions. 
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Figure 10 
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2.    SUMMARIES (Continued) 

d.     Tire Folding in a Slip Stream 

(1) With analytically predicted success, experiments were con- 
ducted with a helical bellows tire-folding scheme.   The carcass of a 43- 
inch flight-test tire was stiffened by cemented-on V-belts in circles con- 
centric to each hub and in a symmetric array across the tread area of 
the tire between the circles.   The path of these semi-circular stiffening 
ribs can be seen from the long transverse scars on the surface of the 
inflated tire shown by Figure 11.   Their path was skewed to the axis of 
the tire about 10 degrees.   When a vacuum is applied to a thin-walled, 
continuously-wound-cord tire stiffened in this manner, the tire creases 
inwardly between the transverse stiffening ribs, developing a helical 
pattern of folds.   As these folds progress, they exert opposite torque on 
the hubs, and one hub is permitted to rotate.   This initial movement 
causes a progressive reduction in diameter of the tire as the helical 
bellows are formed.   After about a quarter of a turn, the outward com- 
ponent of force on the free hub is reduced relative to the rotating force 
and atmospheric pressure forces the hub toward its mate.   The tire is 
now committed to symmetric folding and, when completed, the effective 
width is reduced to approximately three-eights or slightly less of the 
inflated width and the diameter to slightly more than the inflated diameter. 
With a tire of a cross-section represented by two circles tangent to each 
other at the rolling axis, ten transverse stiffening ribs will permit a re- 
duction in diameter to approximately one-half.   With a greater number 
of transverse stiffening ribs it may be deduced that the folded diameter 
can be reduced to less than one-half. 

(2) When tested in a slip stream at about 100 knots, it was 
found that cemented-on V-belts did not provide sufficient stiffening to 
preclude collapse of the leading edge of the tire against the axle when a 
vacuum was applied.   In addition, study of moving pictures of the folding 
sequence conducted in the laboratory led to the conclusion that the per- 
manent stiffness provided by V-belts (or molded on ribs) would interfere 
with folding to a minimum package.   Accordingly, experiments were 

- 17 
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2.     SUMMARIES (Continued) 

d.     Tire Folding in a Slip Stream (Continued) 

conducted with an array of pneumatically inflated tubes inside the tire in 
the same pattern as described above for the cemented-on V-belts.   Control 
of the inflation pressure, and consequently of the stiffness of these in- 
flatable stiffening devices, was independent of the inflation pressure of 
the tire.   This system was tested at approximately 95 knots extended 
below the belly of a C-119 type aircraft and successful folding was achieved. 
The folded package was of the same dimensions and symmetry as achieved 
in the laboratory.   Figures 11 through 14 are photographs of the first 
airborne folding sequence with the stiffening tubes inflated Initially to 
approximately 25 pounds per square inch.   Later tests at higher initial 
pressure in the stiffening tubes resulted in less partial collapse of the tubes 
on the forward side of the tire and slightly faster folding.   It was deduced 
that higher pressures in the stiffening tubes would permit symmetric fold- 
ing at higher aircraft speeds and probably would reduce folding time.   This 
successful demonstration of airborne folding in a slip stream concluded 
the testing. 
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Figure 12 
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3.     CONCLUSIONS AND RECOMMENDATIONS 

It is concluded that rough field landing gear can be developed based 
on foldable, low-pressure tires and it is recommended that the ex- 
ploratory work reported upon herein be followed by experimental re- 
search with a suitably large flying test bed and preferably of operational 
status. 
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SUMMARY 

Feasibility of production of high-flotation tires by the 
continuously-wound-cord process lias been demonstrated by the 
work reported on herein. 

The techniques presently available for the continuous-cord 
tire-building need to be refined and the process simplified before 
production of continuously-wound-tires is programmed. 

Analysis of the presently available techniques points clearly 
towards tiie path to follow during the evolution of satisfactory manu- 
facturing processes. 

Uncertainty in the stress distribution in a high-flotation tii 
carcass when severely deformed under load, indicates that it will 
be necessary to use empirical methods in the refinement of high- 
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INTRODUCTION 
) 
] 

This report, presents the results of experiments to date 
directed towards development of techniques for the building of 
high-flotation tires of ontinuously-wound-cord.   The contemplated 
end use of such tires is for STOL aircraft intended to be operated 
from rough unprepared fields, thus minimum tire weight is of great 
significance.   Feasibility of the continuously-wound-cord method 
was predicted by the referenced reports of the Battelle Memorial 
Institute.   At the writing a total of 24 tires have been built by the 
continuously-wound-cord method. 

The main body of this report will be focused on the techniques 
used for the production of high-flotation tires No. 9 through 24.   This 
main body presents the present state-of-the-art.   It consists of a 
chart showing the sequence of steps in the tire-building operation 
followed by a series of pnotographs of the specially-developed equip- 
ment and descriptions of its use.   During tiie production of these 
last 16 tires substantially no changes were made in the techniques 
employed. 

Appendix A contains a description of the experimental work 
of building tires 1 through 8.    This work resulted in the techniques 
employed for building the last 16 tires.    During the building of 
tires 1 through 8, the major problems of techniques were recognized 
and interim, workable solutions found to overcome them.   These 
solutions are considered interim because they are based on minimum 
equipment and require maximum hand work and thus tires built by 
these methods are relatively expensive.   Analysis of these methods 
indicates that the bulk of the hand work could be eliminated by use 
of more refined equipment and techniques and that production'costs 
using such methods would be equivalent to, or less than, costs of 
conventional tires of comparable size.   Besides demonstrating that 
it is possible to build light-weight, foldable tires by the continuous- 
cord method, the work to date has also resulted in guidance for the 
development of more economical techniques. 

The primary purpose of temporarily freezing technique 
development with tire No. 8 was to produce test lots of tires.   At 
no time has it been concluded that the interim techniques would be 
suitable for production since the unit cost of tires built by these 
laboratory methods are too great.   During the evolution of these 
interim techniques, and during building of tires No. 9 through 24, 
however, considerable thought was given to simplification and 
streamlining of the processes with view of reduction of manhours 
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Introduction 

and other costs of the continuously-wound-cord,  tire-building 
process.   The results of this thought are summarized at the end of 
Appendix A. 

Appendix B is a summary of background information and dis- 
cussion of present criteria for design of continuously-wound tires.   Due 
to the uncertainty of the tensile stresses in a high-flotation tire carcass 
when deformed severely during service, the most significant conclusion 
which may be drawn concerning the continuously-wound-cord tire 
design at this writing is that the optimum design can be determined 
only by extensive testing of the tires under service conditions. 

Appendix C is a tabulation of the design features of tires No. 
through 24, included here for guidance of future tire-building tech- 
nique development. 

Appendix D tabulates the references.   In general, material 
contained in the references is not repeated in this report so that 
fullest understanding of this report is enhanced by prior reading of 
the references. 
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SCHEMATIC TIRE-BUILDING 

The arrows on the chart on the facing page trace the path 
of tire cord from the supply cone, through the various steps in the 
continuously-wound-cord, tire-building process,  to the cured tire. 
At the bottom is the box representing the pressure testing conducted 
on the cured tires as the first step in proving tire worth and included 
here as a matter of convenience. 

The numbers at the bottom of each box refer to the like- 
numbered photographs which follow in the same sequence. 

u 
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Photo No,  1 - 6 Tire Cord Supply 



o 
TIRE CORD SUPPLY 

This photograph shows a cone of nylon tire cord as supplied 
by the textile industry.   The supplier has coated the cord with a 
resin which promotes adhesion of the nylon to natural rubber. 
The cone is supported in its upright position by a tightly-fitting 
metal rod passing axially through the stiff cardboard reel upon 
which the cord is wound.   The base of the cone fits snugly against 
a sheet of lamb's wool to prevent the cord from being drawn 
under the base of the cone as it pays off the upper end of the cone 
and out through the loose-fitting bushing at the top of the sheet- 
metal cover.   The base is an off-the-shelf deep-fat-fryer used to 
control the temperature of the cord. 
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Photo No. 2 - 8 - De-Kinker 
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DE-KINKER 

In this view the sheet-metal cover has been replaced over 
the cone of tire cord.   The cord passes upward through the bushing 
in the top of the cover, through the eye supported by the bracket, 
thence to the right and through the de-kinker and finally out of the 
picture to the left.   The de-kinker is a device which smoothes out 
any kinks which may form in the cord as it pays off the cone at a 
rate up to 500 feet per minute.    In the de-kinker the cord passes 
alternately around two vertical,  hardened steel pins and between 
two, polished, rounded-edged bushings supported by each pin. 
These bushings can be loaded with washers to control the minimum 
tension in the cord between the de-kinker and the supply cone. 
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Photo No. 3 10 - Pre-Tuber Festooner 
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PRE-TUBER FESTOONER 
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This device, shown with the front cover removed, performs two 
functions.   Primarily, it heats the tire cord just prior to its pass- 
age through the extruder (hereafter called "tuber" in consonance 
with jargon of the rubber industry) in order to secure maximum 
adhesion of the rubber to the cord.   The heat is provided by 
resistance elements at the bottom of the cabinet.   The temperature 
is controlled by a thermostat at the top.   The cord is further ex- 
posed to the heated air after it leaves the cabinet by the draft from 
a blower with intake at lower right.   The heated air exhausts through 
the tube at the left which leads to a point near the entrance die of 
the tuber. 

Secondarily, this machine avoids a prolonged suspension of 
tire-winding caused by knots or kinks attempting to pass through 
the entrance die of the tuber and a consequent breaking and unreev- 
ing of the cord.   This is achieved as follows.   The cord enters the 
cabinet after passing through a slot bushing at the right side and 
around a vertical-axis pulley; thence it passes under the fixed pulley 
at mid-height on the right; over the fixed pulley at upper right; then 
down and under the weighted, moveable pulley at the bottom, thence 
over the fixed pulley at upper left; and finally, after passing under 
the fixed pulley at mid-height on the left, passes to the tuber 
through the tube extending to the left of the cabinet.   When a knot or 
kink is caught by the slot bushing, the weighted, moveable pulley at 
the bottom is caused to rise upward on its guide wires.   When this 
moveable pulley lifts the weight shown suspended on one of the guide 
wires near the top of the cabinet,a micro-switch opens and all 
power is shut off, stopping the movement of the cord and preventing 
a break.   A simple kink can then be straightened out and winding 
resumed.   A knot can be cut out of the cord and the cord rethreaded 
through the tuber without unreeving any of the pulleys. 
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! 

TUBER 

a 

ü 

Q 

This view shows both the tuber (identified by the NRM name- 
plate) and its temperature control unit to the right.   This equipment 
coats the tire cord with fresh, green, tacky, uncured, carcass-stock 
rubber.   Prior to operation, the temperature of the barrel of the 
tuber must be raised to approximately 850F^   in order to prevent 
overloading of the masticating worm in the barrel.   Rubber stock 
of about one inch of cross section area can then be fed into the barrel 
through the loading port just to the left of the lifting eye of the top 
of the tuber.   When the tuber starts grinding the rubber, considerable 
heat is produced and the temperature control unit maintains the pre- 
set barrel temperature by cooling the barrel with cold water from the 
domestic service mains, wasting a small trickle of heated water. 
Simultaneously the temperature of the cross-head of the tuber is 
maintained at a pre-set temperature.   A cross-head temperature 
of 200 - 210oF was found to be optimum with the natural-rubber 
carcass stock used in these experiments.   The geometry and oper- 
ation of the cross-head will be described in the next view.   The tuber 
must be tended continuously during tire winding. 

' 
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14 - Tuber Cross-Head 
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TUBER CROSS-HEAD 

This view shows the cross-head of the tuber.   In it the pre- 
heated tire cord is coated with carcass-stock rubber.   The cord is 
shown entering from the end of the tube at the left uncoated and 
departing coated at the right.   The maximum cord velocity success- 
fully coated and wound into a tire was approximately 450 feet per 
minute.   The entrance die of the tuber is cone shaped on its outer 
surface, the apex of the cone pointing toward the direction of cord 
movement.   The diameter of the axial hole in the entrance die 
should not be more than 10 or 12 thousandths of an inch greater 
than the nominal diameter of the cord, otherwise there may be a 
slow rearward flow of rubber through the die and this may cause the 
cord to jam in the die, breaking the cord.   The exit die has a conical 
recess matching the cone of the entrance die.   An axial distance 
between the two dies of approximately 3/l6th of an inch gives optimum 
coating.   Uncured rubber must be fed to the tuber at much greater 
rate than is actually coated to the cord; otherwise the rubber will 
remain at the elevated temperature of the cross-head long enough for 

E partial cure.    Therefore, provision is made for continuous passage 
of the semi-liquid rubber through the cross-head perpendicular to the 
cord movement.   This flow is regulated by the pressure exerted by 
the worm in the barrel and by a valve at the over-flow port.    The 
highest pressure attainable, consistent with uniform cord coating, 
is desired in order to secure thorough impregnation of the cord. 

[ 
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The rubber which passes through the over-flow port may be 
cooled down and re-fed to the tuber,  thus eventually all being coated 
on the cord.   Since the normal distance between the dies is only about 
one tenth of an inch, due to the conical shape of the space, there is 
a very rapid flow of rubber toward the cord at the small end of this 
conical shaped space.   Any foreign matter, such as particles of sand, 
tend to collect at the exit die and if too large to pass through between 
the cord and the die,  either prevents symmetrical coating or causes 
the cord to break.   Since natural rubber is more likely to have foreign 
bodies present than synthetic rubber,  it may be concluded that synthetic 
rubbers are more appropriate for use in a tuber than is natural 
rubber.   The cross-section of the rubber coated to the cord should be 
equal to, or slightly less than, the nominal cross-section of the 
cord.    This amount is probably the minimum necessary for complete 
impregnation of a tire and thus will minimize weight and thickness 
of the tire.   In the limited number of continuous-cord tire-building 
experiments conducted to date, precise control of the rubber coated 
to the cord was never achieved.   The amount coated was always 
greater than desired.   A more rapid winding rate or a smaller exit 
bushing or both might have achieved a thinner coating.   The experi- 
ments were suspended before these possibilities could be fully 
explored. 
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Photo No.  6 - 16 - Capstan 
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CAPSTAN 
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The coated cord is pulled through the tuber at a tension of up 
to 8 or 10 pounds by this capstan, passing clockwise around the 
left drum, down between them and counter-clockwise around the right 
drum.   The drums are grooved to prevent the cord from running off 
and art; driven by the direct current motor mounted above and to 
the left through a non-slip, toothed, rubber belt, a so-called timing 
belt.   The speed of the motor is controlled by the demand at the 
winding machine in a manner explained opposite the next photograph. 
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Photo No.  7 ~ 18 Festooner 
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FESTOONER 

This device provides for syncaronization of the winding machine 
with the capstan, allowing sufficient dynamic storage to permit 
smooth acceleration of the speed of the winding operation.   The 
cord passes under the pulley at the lower right,  thence over the 
upper pulleys and under the three gang pulleys of the floating array, 
alternately, and finally down and out of the picture to the left. 
When the winding machine is speeded up the increased demand causes 
the floating array to be drawn upward.    This causes the rotation of 
a master selsyn motor and in turn a slave selsyn operates to increase 
the speed of the direct current motor which drives the capstan and 
vise-versa.   The floating gang pulleys travel up and down on piano 
wire with negligible friction.   This device could be improved by the 
addition of fair leads for each stationary pulley and by deeper grooves 
on the sheaves, both improvements tending to inhibit accidental 
unreeving. 
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Photo No.  8 - 20 - Master Selsyn Motor 
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MASTER SELSYN MOTOR 

Cord tension in the festoouer is controlled by the weights 
attached to the single floating pulley shown at the right.   The heavy 
black cord which passes under this pulley passes over an idler 
pulley at the top of the frame, thence down and around the pulley 
on the shaft of the master selsyn motor and then over the lower 
pulley on the floating gang.   Thus an upward or downward movement 
of the gang pulley causes a rotation of the selsyn motor. 
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Photo No.  9 - 22 - Final Tensioning Device 



' o FINAL TENSIONING DEVICE 

In the winding plane, the surfaces upon which the cord is wound 
are non-circular.   Therefore, with uniform speed of rotation of 
the winding arm, there is varying velocity in the speed of the cord 
as it passes the fair loads at the end of the winding arm.   If allowed 
to be transmitted back to the festooner, this varying velocity of the 
cord causes a cyclic up and down motion of the floating gang pulley 
and this limits the winding-arm rotational speed to an unacceptably 
low value.   The device shown here smooths out the changes of 
velocity of the cord at the festooner and maintains a suitably low 
tension in the cord at the tire.   The cord coming from the festooner 
passes around the vertical-axis pulley at the right, thence around 
the small, very light-weight, tloating pulley in the center, and thence 
around another vertical-axis pulley and into the hollow axle of the 
winding arm.   The floating pulley is held to the left by a long strand 
of rubber of the sort used to power model airplanes.   Thus the six to 
ten inch travel of this pulley to and fro, twice for each revolution of 
the winding arm, causes a negligible change in tension of the cord. 
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Photo No.  10 24 -    Winding Machine -1 11 
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From this view the set-out position of the tire hubs during 
winding can be observed as well as the shape of the non-circular 
surface upon which the tire cord is wound.   Note also that the 
angle between the axis of the mandrel and the axis of tae winding 
arm can be varied to accommodate variation in mandrel cross- 
section, hub diameter or   relative speeds of rotation of winding 
arm and mandrel, all of which will cause a change in the angle 
between the plane swept oy the winding arm and the axis of the 
mandrel.   The correct angle between tne axis of the mandrel 
and the axis of the winding arm can most easily be found oy trial. 
In general, the winding plane should be set so that the cord is 
tangent to the axle at the hub during winding. 
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Photo No.  11 26 Winding Machine -2 
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WINDING MACHINE - 2 

This view of the winding machine shows a tire with only a few 
dozen turns of cord wound into place.   A thin sheet of rubber called 
a liner has been placed on the mandrel.   The liner stock is compound- 
ed for minimum permeability to flow of gasses.   Notice the set-out 
position of the hub and the recess in the mandrel which receives 
the hub prior to cure of tne tire.    The curved path of the tire cord 
across the tread area of the tire can also be observed in the upper 
portion of the tire.   This curve can be varied in shape by increasing 
the clearance of the winding arm above and below the center-line 
of the tread of the tire, by varying the relative speed of rotation of 
the mandrel and winding arm, and by varying the angle between the 
axis of the mandrel and the winding plane.   The shape of the curve 
of the tire cord on the mandrel surface will affect the inflated shape 
of the cured tire. 

As winding progresses there will be a build-up of tire cord on 
the hub due to its wrapping around the hub while the winding arm 
rotates with the cord in contact with the hub but not in contact with 
the mandrel.   This build-up will cause a change in tension of the 
cords of the completed tire unless accommodated for by a small 
movement of the hubs inward as winding progresses.   The amount 
of movement inward required is determined by tire-cord diameter, 
total number of turns wound, depth of rubber coated on the cord, 
and the amount of wrap around on each hub for each turn.   While 
winding a tire, all rotary power is furnished by the electric motor 
and variable speed drive mounted above the winding arm support. 
The rotation of the winding arm is carried through idler gears to 
the shaft of the variable speed drive mechanism shown mounted 
directly under the hollow axle of the winding arm.    From here the 
power is carried by shafting downward to spur gears, thence 
parallel to the winding arm axis to a point directly under the center 
of symmetry of the mandrel where it changes direction to parallel 
the mandrel axis and thence upward through idlers to the mandrel 
axis.   Once a tire design is standardized, the speed variator mounted 
under the axle of the winding arm could be changed for fixed gearing, 
thus removing one possible cause of trouble due to slippage in the 
friction drive of the speed variator. 
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PhotD No.  12 - 28 -       Cover Sheet Application 
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COVER SHEET APPLICATION 

To provide protection against abrasion a cover sheet of carcass 
stock rubber, approximately 0.020 inches thick, is applied over 
the entire surface of the tire after winding is complete.   This 
completes the structure of tne tire.   Wearing surface or tread is 
then applied as required by the service life desired. 
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Photo No. 13 
30 -       Jacking In The Hubs 
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JACKING IN THE HUBS 

In this tire, winding and cover sheet application have been 
completed and the tire dusted with talc to prevent adhesion of the 
tire to the sling.   The hubs are being jacked into curing position 
by a hydraulic jack inside the hollow axle. 
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Photo No.  14 32 Hub Detail 
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HUB DETAIL 

This close-up of a hub being jacked into curing position shows 
the ends of the pointed rods waich form the ring of flange bolt holes 
concentric to each hub.   In the winding position the ends of these 
rods project just far enough into each hub to prevent the hubs from 
rotating on the mandrel spindle but not far enough to interfere with 
symmetric placement of the cord.   Notice also that the curing 
flange has a metal center and a concentric rubber extension which 
fairs to zero at the shoulder, the widest part of the tire.   The inside 
of the central metal portion of the curing flange is machined on the 
inside to the contours of the outside of the bead of the tire.   Consid- 
erable force is needed to squeeze all the air out of the tire near the 
hub and to compress this bead area into the desired shape.   This 
compression is begun during the preparation for cure and completed 
while the rubber is softened during the curing process.   After the 
hubs are jacked in as far as practical at this stage, the pointed 
ends of the rods are unscrewed and replaced by nuts and washers 
holding the hubs in the jacked-in position. 
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Photo No, 15 - 34 ~    Curing Tape, Preparation for Use 



CURING TAPE, PREPARATION FOR USE 

This view shows the machine developed for re-winding nylon 
curing tape after it has been pulled at high tension through a 
series of rollers submerged in hot water containing a silicone, 
mold-release compound.   After use the nylon tape is set to a 
serpentine shape and must be softened by heat and stretched and 
moistened before re-use.   A roll of tape ready for use is shown 
lying on the top of the re-winding machine. 
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Photo No.  16 36 -       Nylon Tape Wrapping 
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NYLON TAPE WRAPPING 

After the hubs are jacked-in, and secured by nuts set up on 
the flange-bolt-hole-forming rods, the assembly is remounted on 
the winding machine.   Flat, flexible, copper washers are placed 
over the curing flanges concentric to the spindle.   These washers 
cover the inner, metal portion of the curing flanges and extend 
outward in steps partially covering the flexible, rubber portion. 
These washers assist in securing a uniform pressure on the tire in 
the region of the hub during cure.   A short length of steel cylinder 
is shown wedged by wooden blocks concentric to each hub with the 
inner end bearing against the metal portion of the curing flange. 
The angle between this stubby cylinder and the curing flange is 
filleted by an aluminum casting.   The assembly is now wrapped with 
several hundred turns of thin nylon tape about three inches wide and 
moistened to reduce slipperiness.   During this wrapping, the mandrel 
spindle and winding arm are driven independently at relative speeds 
which cause about a two thirds overlap of successive layers of tape. 
This tape, as with all nylon, has the property of shrinking with 
rising temperature up to the melting point of the nylon and this 
assures high pressure between the shoulders over the tread area of 
the tire during cure.   The result is sound, dense rubber in this 
region after cure. 
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Photo No.  17 38 -    Nylon Tape Wrapping, 
General Arrangement 



NYLON TAPE WRAPPING, GENERAL ARRANGEMENT 

This view shows the general arrangement of the winding 
machine adapted for tape wrapping.   Notice that the reel of tape 
rotates with the axle of the winding arm avoiding twisting (or 
cabling) during wrapping and that the tension on the tape can be 
controlled by varying the load on the wooden slat which bears 
against the tape in the reel„   In this view, the first complete layer 
of overlapping tape is almost wound into place. 

; 

ü 

ö 

i 

J-656 - 39 - 



.- 

Photo No.  18 40 -    Plastic Film Pressure Barrier 
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PLASTIC FILM PRESSURE BARRIER 

After all the curing tape is wrapped into place, the stubby 
cylinders concentric to each hub are extended by capped cylinders 
held in place by a spring loaded rod passing through the hollow axle 
of the mandrel.   An open ended sleeve of heat resistant plastic film 
is shown being sealed about the upper of the two capped cylinders. 
The bead area of the tire is further compressed during cure by 
inward movement of the capped cylinders caused by the curing tank 
pressure.   This pressure is augmented by a partial vacuum maintained 
inside the pressure barrier provided by the plastic film.   Maintenance 
of this vacuum assures pressure on the tire during cure; whereas loss 
of the vacuum indicates a break in the film and a curing failure unless 
the break is promptly repaired.   Shown also in this view are thermo- 
couple wires placed under the film in order to control curing temper- 
atures . 
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Photo No.  19 42 Curing 



CURING 

This view shows a S^-inch tire in a curing tank with a partial 
vacuum on the assembly as indicated by the shrinking of the film 
against the tape wrapped tire.   In later cures the sharp re-entrant 
angle in axial cross-section between the capped cylinders and the 
nylon tape near the beads of the tire was faired by filleting with 
heat-resistant rubber.   This reduced the possibility of rupture of 
the pressure barrier film. 
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o REMOVING THE MANDREL 
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After removal of the plastic film, the thermocouples, the 
capped cylinders, the nylon tape, the stub cylinders, the copper 
washers, and the nuts on the hub-flange, bolt-hole-forming rods, 
a plate is bolted over the central opening of each curing flange. 
One of these plates has an air hose fitting and the tire is inflated 
to approximately fifty (50) pounds per square inch pressure through 
this fitting.   This pressure is sufficient to expand the tire and break 
its partial bond to the mandrel.   The curing flanges are now removed 
and the hub-flange-bolt-hole-forming rods are unscrewed from their 
tapped holes in the inner mandrel segments.    The sleeve which holds 
the inner mandrel segments in their assembled position is now freed 
for removal by extracting the flat-head machine screws which pass 
through the sleeve, radially outward, and screw into tapped holes 
in each of the inner mandrel segments.   The special tool developed 
for this extraction is shown in use in the photograph.   This photo- 
graph was taken during a test of disassembly of the 34-inch mandrel 
and extraction of the segments through the 3-inch hub holes of a 
simulated tire built by lay up of rubberized fabric.   After the sleeve 
is freed by extraction of the radial screws, it may be removed by 
sliding it out axially.   The keystone segment is then freed by loosen- 
ing its toggle clamps and extracted.   Thereafter, the remaining 
segments are undamped and handed out through the opposite hub 
holes.   Small hands are required for disassembly of the 34-inch 
mandrel with its 3-inch hub hole. 
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Photo No. 21 46 Mandrel Components 
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This shows a lay-out of part of the components of the 
34-inch mandrel.   The axial sleeve is underneath at right center. 
The inner segments which bolt to the axial sleeve are the tapered 
pieces on the bottom.   The larger pieces on top span across the 
tread area of the tire between the inner segments.   The parallel- 
sided, keystone segment is shown adjacent to the box of inner- 
segment screws at the left. 
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Photo No. 22 48 Pressure Test Apparatus 
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PRESSURE TEST APPARATUS 

DThis view shows the developed apparatus for conducting 
pressure tests.   In the background are the gauges, the manually 
operated water pump, and the receiver tank w.iich provides precise 
control of water pressure.   Wnen testing for the bursting pressure 
of a tire, it is inflated with water under water,  thus eliminating 
probability of serious accident which might occur if a tire were to 
explode while inflated with air and also relieving tue test tire from 
carrying the weight of the inclosed water as would be the case if 
the test tire were inflated with water in air.   During burst tests, 
the tire is first filled with water and pressurized up to the pressure 

Dof the service main.   The pressure is then gradually increased by 
alternately pumping up the receiver tank and bleeding it down into 
the tire, thus avoiding subjecting the test tire to the transient peak 
pressures developed with each stroke of the pump and permitting 
an accurate reading of the pressure at the instant of bursting.   The 
gauge for reading water pressure is mounted on the top of the receiver 
tank.   When inflating with air the water system is isolated by closing 

fthe valve with inclined stem at the rignt front edge of the stand.   Air 
is then admitted to the tire through the pressure regulator shown 
just below the right hand of the technician.   Note also the valve just 
below the regulator which isolates the air gauges when inflating a 
tire with water.   Three air gauges are provided, each with its isolat- 
ing valve.   This arrangement permits a more accurate reading of 
pressure below 10 pounds per square inch than is possible if only 
one gauge with reading of 0 to 100 pounds were provided. 

In the foreground is shown the apparatus used for measuring 
the cross-sectional change of shape of test tires with change of 
inflation pressure.   The pointed rods with tips shown bearing against 
the tire are screwed outward just before each increase in pressure 
and then, when the desired pressure has been reached and is being 
maintained constant by the regulator (to overcome any loss by 
seepage through the temporary seal at the cast aluminum hub), the 
pointers are screwed into grazing contact and the distance between 
the tire surface and the rod support bracket is measured by reading 
calibrations on the rods.   The tank in the center is used for sub- 
merging the tire while conducting a burst test. 

11 
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Appendix A 

DEVELOPMENT OF PRESENT TECHNIQUES FOR BUILDING 

TIRES OF CONTINUC'JSLY-WOUND CORD 

) 

Eight experimental, high-flotation tii'es were fabricated prior 
to 1 May 1958, all by the continuous-cord process.   The first four 
were defective in one respect or another and all had many leaks.   The 
last four were consiaered successful in that they held air, were 
symmetrical waen inflated and had been inflated to a higher pressure 
than intended in service.    Further testing was required, of course, 
to prove service life and other requisite characteristics. 

All eight were wound by the same basic process but with 
additions to the original machinery and techniques, the equipment 
being added to after each tire was built in order to solve problems 
which had caused difficulty with earlier experiments. 

The first seven tires were wound of conventional tire cord 
from cones containing a variable and indeterminate number of knots. 
These knots were usually in only one strand of the cabled cord and 
thus, by custom of the industry, the cord was labeled "knotless" 
by the supplier.   After special effort, tne supplier eventually was 
persuaded to use techniques in cord processing which produced 
cones of truly knotless cord.   This cord was used for tire No,  C. 
The lesson learned was that, when dealing with unfamiliar technical 
jargon, one must remember that semantic difficulties can occur. 
Knots in the cord precluded its passage through tiie rubber extruder, 
which coated the cord just before placement in the tire carcass, 
since only a few thousandths of an inch clearance was allowable at 
the entrance die of the extruder.   Up to one and one-half hour delay 
occurred when a knot was encountered, the delay being the time 
necessary to cool down the extruder, open up and clean out the 
cross-head chamber, re-thread the cord through both the entrance 
and exit bushings, and close and warm up the extruder. 

For tires No. 5 through 7, an extruder-threading device was 
available.   This device, specially developed, consisted of a four-foot 
length of 0.025 music wire with a loop of 0.006" wire soldered to a 
ground-down section on one end.   This four-foot length of wire could 
be pushed through both dies in the cross-head and then a faired-down 
cord end could be doubled back through the loop of fine music wire 
and pulled through the hot rubber.   With this method, only five to 
ten minutes delay was caused by each knot.   Such a delay was satis- 
factory for an experimental technique out was recognized as 
unsuitable for production.    Efforts to secure truly knotless cord 
were continued with eventual success, as reported above. 
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For tires 1 through 3, erratic rubber coating by the extruder 
was encountered.   This difficulty had not been anticipated and it 
caused much trouble.   Eventually, two steps were found necessary 
and adequate to correct the condition.    First, a heating cabinet was 
provided between the supply cone and the rubber extruder.   This step 
was suggested because it was known that the rubber would adhere to 
hot cord more readily than to cold.    The other step consisted of 
providing supplementary spillway ports for the rubber, concentric 
to the exit bushing of the extruder.    Tnis step was suggested after 
observation of partial cure of the rubber in the extruder when it had 
been opened for cleanout during re-threading occasioned by knots. 

Another unanticipated problem was caused by the force of 8 
to 10 pounds needed to pull the cord through the extruder.    The 
resulting tension in the cord at the winding arm caused the cord to 
slide along the surface of the partially wound tire, in the region of 
the shoulders.   This sliding resulted In a bunching and generally 
non-symmetric cord array which became increasingly severe as 
more and more turns of cord were wound into place.   The low shear 
strength of the green, uncured rubber was not sufficient to hold the 
cord where wound.   Several steps were taken to correct this condition 
and related problems.   The first was to provide a servo-controlled, 
powered capstan and "festooner'^or temporary cord-aolding device) 
between the rubber extruder and the winding machine.   This unit 
reduced the tension in tae cord at the mandrel to a pound or so and 
provided synchronization between winding machine and capstan.   It 
produced a decided improvement, but not good enough, because even 
at this tension the cord nad a tendency to slip on the shoulders of the 
mandrel and produce a non-symmetric pattern. 

At about tuis time a related problem was appreciated.   The 
surface of the mandrel, upon which the cord is wound, is not circular 
in the winding plane.   As a result, a   cyclic variation in the speed of 
the cord through the fair leads at the end of the winding arm is 
caused.   This variation in speed produced a jiggling of tue lower, or 
floating gang pulley of the festooaer at all winding speeds except dead 
slow.   Eventually this jiggling would cause the cord to   become unreeved 
from one or more pulleys, with a consequent jamming and prooable 
breakage.    vVinding would have to be stopped and tue cord re-reeved. 
The cure was the provision of a tensioning device consisting of a 
horizontally sliding pulley held bj a spring of several feet of thin 
rubber ribbon (salvaged from a golf ball initially).   In addition, all 
pulleys between this spring-tensioner device and the fair leads at the 
end of the winding arm were replaced by very light weight ones of 
aluminum. 
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Wiiüe experimenting with the :ensioning devices and light- 
weight pulleys discussed above, it was f^und that more symmetrical 
winding could be secured if a thin sheet of carcass stock rubber were 
placed on the partially wound tire in order to provide a winding- 
surface tacky enough to hold the cord in place.   Several successful 
tires were built wita these supplementary sheets of rubber, but this 
technique was abandoned when it was learned that erratic cord coating 
was being caused by foreign material in the carcass stock being fed 
to the extruder.   When consistently good cord coating was secured 
with clean extruder stock and when the final tensioning device was 
in operation, it was found that symmetrical winding could be attained 
without applying the extra sheets of rubber. 

It had been planned originally to provide pressure for the cure 
of the first few dozen tires by wrapping them with nylon tape, utilizing 
the shrinkage of nylon at rubber curing temperatures to provide the 
required curing pressure.   Tires 1 through 4 had a good cure from one 
shoulder across the tread area to the other shoulder.   As might perhaps 
have been expected from considerations of angle and normal force, the 
cure was poor in the sidewall portion of the tires between the shoulder 
and the metal curing flange bolted to the hubs and concentric thereto. 
For tires 3 and 4, an attempt was made to increase the pressure in 
the areas between the shoulders and the hubs by placing a small aircraft 
tire inner tube concentric to the hubs on each side and under the last 
half of the turns of curing tape and inflating these tubes before placing 
the wrapped tire in the curing autoclave.   These attempts were failures, 
probably because the inner tubes failed by blowout sometime during 
the curing cycle.   Adequate pressure concentric to the hubs was achieved 
in tires 5 through 8 by covering the whole assembly with a sleeve of 
either polyvinyl alcohol or polyvinyl fluoride and sealing this sleeve at 
each end to a capped metal tube, caps outward, held concentric to the 
axis of the tire.   This arrangement provided adequate pressure for good 
cure throughout the whole tire carcass for these last four tires and 
assurance of continuous pressure was attained by keeping a vacuum on 
the inside of the tire during the curing cycle. 

Another problem incident to tire winding was recognized.   There 
is considerable build-up of tire cord around the hub, the amount varying 
with the relative velocities of rotation of the winding arms and mandrel 
and with the angle between the two axes   of rotation.   During experimental 
tire building to date, this build-up has been corrected by varying the 
angle slightly between the axes of rotation, during the winding of a 
tire.   Admittedly this solution is only temporary measure because any 
change in this angle results in a change in the cross-over angle at the 
centerline of the tread, and consequently causes a change in the struct- 
ural properties of the tire.   This is a problem which needs more study. 
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It is expected that the proper angle between the two axes will be found 
only after a number of tires have been wound, with the same relative 
velocities of rotation but with the angle varied, and the results have 
been studied. 

Related to the problem cited above is another one brought about 
by the geometry of the situation.   The set-out position of the hubs on 
the winding spindle is that point which causes the length of cord from 
tangency on the mandrel to tangency at the hub to be equal to the same 
length along the surface of the mandrel when the hub has been moved 
into its recess in the mandrel after completion of winding.   As the 
winding progresses, the build-up of cord at the hub disturbs these 
critical relationships.   In tires wound to date, this difficulty has been 
corrected by an arbitrary set-in of the hubs at intervals during winding, 
in an attempt to have all the cords in the completely wound tire at the 
same tension.   This problem also needs an experimental solution. 

In the early planning stages of the overall program, it was 
recognized that a successfully wound tire would require a rigid mandrel. 
The tires built to date have been wound upon a segmented mandrel of 
cast aluminum, all parts of which will pass through a 3-inch hub 
opening for the 34-inch tire and through a 5-inch opening for the 43-inch 
tire.    These mandrels require several man-hours for assembly and 
several more for disassembly after a tire has been cured upon them. 
Despite the use of mold-release compounds on the mandrels, all tires 
to date have had a tendency to stick to the mandrels.   It has been learned 
that inflation of the tire prior to removal of the mandrel will cause 
separation of the tire carcass from the mandrel segments and permit 
relatively easy removal of the segments through the hubs.   This inflat- 
ion saves a few man-hours, but use of the segmented metal mandrel 
is recognized as satisfactory only during the development phase. 
Eyen with inflation of the tire prior to the disassembly of the mandrel, 
its use is too time consuming for a production process.   Development 
must be continued on this part of the process. 

The machine built for experimental tire winding has several 
features not required in a production machine.   For instance, there is 
almost complete flexibility in relative speeds of rotation of mandrel 
and winding arm, and the angle between the axis of rotation of the two 
can be varied at will from 0° through 90°.   Thus the machine can wind 
any cord pattern possible to achieve with a continuous cord process on 
a torroidal mandrel.   A simpler machine with less flexibility would be 
more appropriate for production.   Fixed gear ratios, rather than vari- 
able-speed drives, would be one advantageous feature possible in a 
production machine.   Before fixed gear ratios can be specified, however, 
the optimum cord pattern must be determined with more certainty than 
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at present.   It is the present belief that optimum gear ratios will be 
known only after extensive service testing of high-flotation tires. 

The high-flotation tires built to date have been fabricated of 
conventional tire cord and natural rubber.   Because of slippage in the 
shoulder region of the tires during winding, there is reason to believe 
that winding a ribbon of several, perhaps even as many as fifty, 
parallel cords each of very small diameter might result in a more 
accurate, consistent and controllable placement of the tension-carry- 
ing material in the tire carcass; in addition, using the method may 
produce a lighter, more flexible tire because of reduction of percent- 
age of rubber by weight.   Resolution of these points will require 
extensive experimentation because the critical factors are not known 
and thus this problem will not respond to analysis. 

Some of the recent developments in synthetic rubbers, partic- 
ularly neoprene and urethane rubbers, offer promise of greater utility 
in high-flotation tires than natural rubber.   In particular, properties 
such as improved abrasion resistance and indifference to attack by 
ozone or hydrocarbons are very promising in the urethane rubbers. 
Considerable experimentation will be required before urethane rubbers 
or other rubber-like materials can be exploited. 

Winding a high-flotation tire of one continuous cord is time 
consuming, at best.   The present experimental winding machine has 
separate spindles for the mandrel and winding arm, thus limiting 
winding to one cord.   If both rotational motions were achieved with one 
vertical axis, it would be possible to feed in any reasonable number 
of cords (or ribbons of parallel cords) simultaneously in a horizontal 
winding plane, thus reducing the time of winding a tire by a marked 
degree.   It is believed that production winding machines should be 
based upon the principle of simultaneous winding of a number of cords 
(or ribbons of cords). 
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RECAPITULATION - PROBLEM AREAS 

The remaining unsolved problems suggested by the above are 
presented again in the form of research and development objectives 
as follows: 

1. Detailed design and construction of a high-flotation 
tire winding machine capable of simultaneous winding of 
more than one cord or ribbon of continuous cord; such a 
machine should have sufficient flexibility to permit wind- 
ing of all cord patterns practical for any torus-shaped 
high-flotation tire but not necessarily capble of an infinite 
variation of cord-crossing angle at the centerline of the 
tread; the machine should be capable of winding tires of 
a maximum diameter of about seven feet.   Adjustment of 
the angle between the axis of the mandrel and major axis 
of rotation and adjustment of position of hubs on mandrel 
axis shall be possible during high-flotation tire winding 
without cessation of winding. 

2. The investigation of all tension-carrying and impreg- 
nating materials suitable for use in building high-flotation 
tires with particular emphasis on feasibility, light weight, 
abrasion resistance, immunity to attack by atmospheric 
oxygen and other chemical agents likely to be encountered 
in service, and retention of desirable properties at both 
low and high temperatures.   This work should begin with 
reconnaissance of available fibers and rubber-like mater- 
ials and progress through laboratory development of 
processes and auxiliary apparatus needed for use by high- 
flotation tire winding machines.   In particular, possibil- 
ities of ribbon-shaped tension carrying materials should 
be fully explored. 

3. Conduct such analytical and experimental work as is 
required to determine optimum shape and cord pattern 
for high-flotation tires as regards supported load versus 
foot print area and shape, ability to roll over obstacles, 
and maximum deflection to decelerate the sinking speed 
of a landing aircraft, all toward the end of minimum 
weight consistent with adequate performance and service 
life.   This work should begin with an analytical reconn- 
aissance of available shapes including cross-sections 
both of intersecting and non-intersecting circles, and the 
production of a test lot (approximately S) of high-flotation 
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tires of a cross-section of intersecting circles of at least 
four cord patterns.    Later phases should include explor- 
ation of other possible shapes and cord patterns and will 
utilize the mandrels developed by the work in that problem 
area.   Basic tire behavior data should be gathered by the 
existing rolling test rig.   Service life and performance 
of these experimental high-flotation tires will be deter- 
mined by the tests performed under the subject service 
tests. 

) 

4. Investigate all available inflatable, fusible, dissolv- 
able, or friable materials or combinations thereof which 
may be adapted to use as mandrels for high-flotation 
tire winding with the overall objective of reduction of man- 
hours and costs in the production of high-flotation tires. 
This work should begin with reconnaissance and small- 
scale laboratory experimentation.   Later phases should 
include full scale experimentation and adaptation of the 
most promising materials to experimental high-flotation 
tire building. 

5. Design and produce clam-shell-type, female, tire 
curing molds for all sizes of high-flotation tires.   These 
molds should incorporate provisions for changing the tread 
pattern and for obtaining optimum pressure and temperature 
during curing cycles.   Emphasis should be on sound tires 
and simplicity of equipment with complete control of the 
process rather than upon automation, 

6. Determine relative merits of new high-flotation tire 
materials and configurations by service life tests conducted 
by ground vehicles.   Initially, several designs of the 
34-inch size should be tested to develop information on: 

a. the ability to encompass obstacles, 

b. the ability to transmit driving and braking 
torque, 

c. heat produced while rolling, 

d. fatigue failure of tire carcass due to severe 
flexing, 

and e.   abrasion and penetration resistance. 
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These tests under simulated service conditions will 
supplement but not duplicate the static and rolling tests 
conducted to determine optimum high-flotation tire 
configurations. 
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CONTINUOUSLY-WOUND-CORD TIRE DESIGN 

A torroidal-shaped, inflated structure with a central hole small 
in relation to the overall diameter lias a wide variation in the tensile 
stress pattern throughout the structure, especially if the pattern is 
interrupted by restraint as at the bead area of a tire.   If the structure 
is stressed only by the inflation pressure and restraint at the bead, 
the stress pattern is essentially symmetrical about the major axis 
of symmetry and on each side of the plane of the centerline of the 
tread, but the intensity of the maximum stress varies greatly from 
the centerline of the tread toward the bead.    For an inflated but un- 
loaded tire of small bead diameter relative to the overall diameter 
and which inflates to essentially circular cross sections on both sides 
of the major axis, there is much evidence pointing toward maximum 
and minimum stress in the ratio of three to two at the centerline of 
the tread.   At any point on this centerline, the minimum stress lies in 
the plane of the centerline of the tread (circumferential) and the maxi- 
mum stress (radial) is perpendicular to it lying in a plane which contains 
the major axis.   Moving toward the bead in a plane containing the 
major axis, the circumferential stress, which is perpendicular to the 
plane of the section, remains about constant but the radial stress in- 
creases.   A perfectly balanced tire design should take account of this 
variation in the stress pattern and place the tension-carrying material 
in the density and direction which achieves equal stressing throughout 
the structure.   Such ideal conditions are, of course, impossible to 
achieve with restraint at the bead, but a minimum weight structure 
will be the closest practical approximation.   Placement of the tension 
carrying materials, the cords, in a properly-designed, continuously- 
wound tire can achieve this approximation to a remarkable degree. 

Analytical determination of the stress at any particular point 
on a continuous-cord tire is very difficult, probably impossible at 
reasonable cost, when the structure is inflated and deformed by 
loading through the bead as is normal for tires when in use.    There- 
fore, empirical methods have been used in the past for design of 
conventional tires and probably should be used for continuously-wound- 
cord tires.   The development of the experience data upon which empir- 
ical design should be based will require the fabrication and testing 
(under service conditions) of a large number of tires because there 
are a number of variables which should be explored.   Cord size, tire 
cross-section shape, quantity, type and placement of impregnating 
rubber, the shape of the curved portions of the cord paths in the tread 
area of the tire, and tread requirements are probably the most import- 
ant of these variables.   These factors are probably interrelated but 
the relationships are not known since experience gained with convent- 
ional tires is not directly applicable in most cases. 
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At the centerline of the tread, symmetry permits approximate 
analysis of the stress pattern for the inflated but unloaded tire.   Let 
us assume the cross-section through the major axis is represented by 
two tangent circles.   Let the radius of the centerline of the tread be R. 
Then the radius of the shoulder of the tire (the widest portion) about 
the major axis is H ,   For a given inflation pressure Ap,  the total 

ü 
load across the centerline of the tread imposed by this pressure equals 
ApTTR2 minus A P&.]2 .   The circumference equals 2 TTR.   Dividing the 

total load by the distance along which it is applied, we get the load per 
unit length, the stress.   This reduces to 3/8Ap R.   It is the maximum 
stress (radial) at any point on the centerline of the tread for the in- 
flated but unloaded tire. 

The minimum stress (circumferential) at all points on the 
centerline of the tread is perpendicular to the planes passing through 
the major axis.   The total load on any sections taken through the major 
axis resulting from the inflation pressure ^p is equal to ^ pTTR^ The 

 2  
distance along which this load is applied equals 27rR.   Therefore the 
stress or load per unit length equals Ap R   ,   (This analysis is not 

~T  
so rigorous as the analysis of the radial stress because symmetry 
does not necessarily require a uniform loading along the cross-section). 

Assuming that the circumferential tension does equal ^ P R    , 

let us now determine the cord-crossing angle at the centerline of the 
tread which will produce a balanced design. 
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In the foregoing diagram let the line C B represent a portion 
of the centerline of the tread.   Let D^ - D2 and D^ D^ represent two 
cords which cross at C.   Let the angle D2 C D^ be known as the cord 
crossing angle ©.   Let T -tension in any one cord at C. 

Then 2 T  cos ^_    z  stress in direction C A (radial) 

and    2 T  sin 0   -   Stress in direction C B (circumferential) 
2" 

If Radial Stress at C =   three halves the circumferential stress 
at the same point, 

then:   cos 6    =   3/2   sin   e 

2 "2" 

tani  -    0.667 

9     =   33.7° 
2 

67°   (approximately) 

It may be concluded that a cord-crossing angle, as defined 
above, of approximately 67° would provide the optimum stress patt- 
ern for the inflated but unloaded tire at the centerline of the tread. 
This means that along the centerline of the tread the inflated but 
unloaded tire carcass is strained to the same degree in all directions 
so long as the cross-section is essentially circular.   Thus the forces 
tending to separate the cord from the impregnating rubber are mini- 
mized and it is probably safe to conclude also that the heat generated 
by change of stress intensity as the tire rolls along is also minimized. 
In other words, optimum design is achieved at the centerline of the 
tread when the cross-over angle at this point is about 67° for an 
inflated but unloaded tire which inflates to a circular cross section. 
Since such a tire in service is essentially circular in cross section 
every place except in the areas in contact with or near the ground, 
this is probably very close to the optimum cross-over angle for the 
center line of the tread for a tire in service despite the disturbance 
to the stress pattern brought about by the restraint at the bead and the 
deformation caused by contact with the ground. 

Because of the uncertainty of the theoretical distribution of 
the circumferential stress between the centerline of the tread and the 
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bead, with the inflated but unloaded tire, the foregoing analysis was 
not deemed adequate for th3 design of the tires to be used in flight 
tests of the venting-hub rough field landing gear system.   Since 
available funding permitted the building and testing of only a very 
limited number of tires, it was decided to check this theory by 
building tires of three different designs and determine their inflat- 
ed shape by direct measurements.   It was considered that the design 
which inflated most nearly to circular cross sections and which 
would change shape most nearly symmetrically with increasing in- 
flation pressure, would be selected as the most nearly balanced 
design and subjected to further tests for load-carrying ability, etc. 
before being mounted on the flying test-bed aircraft.   Accordingly, 
tires with cross-over angles of 90°, 60°, and a combination of 
one-half 90° and one-half 60° were built.   This latter design was 
selected as being equivalent to a design with a cross-over angle of 
75° with the further possible advantage of checking the affect, if any, 
of multiple cord directions, this latter being a moot question. 

The three tires were then inflated to pressures of 5, 15, 30, 
40 and 50 pounds per square inch and the cross-section shape measured 
and plotted full scale for each inflation pressure.   The 90° cross-over 
angle design appeared to "grow" more rapidly between the shoulders 
than in overall diameter as if the tire had more restraint than necess- 
ary to stress in the circumferential direction at the centerline of the 
tread.   The 60° tire appeared to "grow" with increasing inflation 
pressure slightly more in overall diameter than in width, but in 
general the inflated shape was more nearly circular than either of the 
other tire designs.   The combination design appeared to "grow" more 
in width than in diameter, similarly to the 90° design but to less extent. 
The 60° design was selected for further testing because this design 
most nearly met the test objectives and because this design has less 
"wrap-around" of the hub and thus a tire built to it would have slightly 
less weight than for either of the others.   In addition, the slight depart- 
ure from a circular cross-section exhibited by the 60° design in 
favor of slightly increased overall diameter appeared to be advantageous 
in that it provided a small amount of additional deflection,  (or increased 
rolling radius) in the tire. 

In view of the limited scope of these inflation tests, it is not 
believed that any conclusions should be drawn concerning the validity 
of the assumption that the maximum stress is 150% of the minimum 
stress at the centerline of the tread.   The most that can be said with 
confidence is that the results of these tests are consistent with this 
assumption. 
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A continuous-cord tire designed with cross-over angle of 
about 67° would, of course, not necessarily have the optimum cord 
pattern except at the centerline of die tread, because the bead diam- 
eter and the clearance of fair leads at the end of the winding arm as 
it crosses the plane of the centerline of the tread both affect the 
pattern of the cords over the tread area of the tire between the center- 
line and the point where the cord leaves or touches the surface of the 
mandrel during winding.   Of these two variables, the bead diameter 
is usually established by considerations of axle size or vent port area 
requirements so that only the clearance of the winding-arm fair lead 
remains as a factor which may be varied in a program of empirical 
determination of optimum design, so long as the mandrel cross-section 
is based on two tangent circles. 

The basic cross-sectional shape of the tire may also be 
varied, of course.   If this cross-section is based on two intersecting 
circles, less distortion in the shape is needed to cause the carcass 
to conform to the ground when in contact; thus there may be less 
disturbance to the stress pattern in the portions of the tire not in 
contact with the ground.   If this is true, this shape should have less 
reversal or change in stress while rolling and consequently less 
production of heat with a resulting increase in service life. 

If the optimum cord-crossing angles, between the centerline 
of the tread and the circle where the cord leaves or returns to the 
surface of the mandrel during winding, cannot be attained with mandrels 
based on circular cross-sections, there are possibilities that elliptical 
or spiral cross-sections may achieve the desired results.   Tires 
wound on such mandrels should probably be cured to a circular 
cross-section to avoid residual stress in the impregnating rubber, and 
thus experiments with non-circular mandrels should be conducted only 
after techniques of curing in conventional female molds are worked out. 

There remains possibilities of restraining the contour of the 
tire in a manner which causes the inflated cross-section to become an 
approximation of a cylinder with segments of circles connecting the 
ends of the cylinder to the hubs.   This cross-section can be wound 
by the same method employed for tires of intersecting or tangent 
circle cross-sections and in addition may have the advantage of even 
less disturbance of stress pattern for a loaded, rolling tire than is 
the case for the cross-section of intersecting circles.   If this is true, 
and only empirical methods can determine its validity, minimum 
weight and maximum service life may be possessed by this design. 
The central portions of the tread area of such a tire would be rein- 
forced with cords wound parallel to the plane of the centerline of the 
tread.   These reinforcing cords would serve to restrain the inflated 
contour of the tread area of the tire to the desired cylindrical shape. 

) 

! 

) 

02 

Ü 



I 
f" 

ö 

Appendix B 

Minimum weight will be achieved with minimum but adequate 
tread.   The restrained contour design may be the basic design which 
promotes minimum weight because the weight of the cord necessary 
to restrain the contour is a small percentage of the total weight of 
cord needed for a tire and tiiis design may minimize tread wear (and 
required tread thickness) by reducing scrubbing of the rolling tire 
on the ground. 

As regards cord, minimum diameter cord means minimum 
impregnating rubber, minimum tire weight and minimum thickness. 
Practical considerations set the minimum cord diameter if single 
cords are wound, but if a ribbon of parallel cords is wound, each 
cord may be very small in diameter without occassioning an un- 
practically large number of total winding turns in a tire.   In addit- 
ion, the flat surface of a ribbon will promote adhesion of the ribbon 
to the turns previously wound and reduce drift of the ribbon side wise 
along the shoulder of the tire during winding thus permitting greater 
tension in the ribbon than in a single cord.   Ribbons may be wound 
from a spool or reel which rotates with the winding arm axle without 
cabling the ribbon.   It should be noted also that if the winding machine 
is arranged so that the mandrel axle rotates about an axis passing 
through the center of symmetry of the mandrel and perpendicular to 
the winding plane, a number of ribbons (or cords) may be wound in 
a horizontal winding plane, simultaneously, without cabling.   It is 
believed that production winding machines should be based on this 
latter concept. 

For continuous-cord tires which do not require folding, it is 
possible that steel wire may be a more useful "cord" material than 
nylon or other more conventional fibers.   Since tiiere is no problem 
of end anchorage in the continuous-cord method, and since steel wire 
possesses greater tensile strength for a given diameter, thus reducing 
the quantity of impregnating rubber needed, and since heat is carried 
away more rapidly by steel than conventional cord material, reducing 
local build-up of temperature, possibilities of use of steel wire should 
be explored. 
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SPECIFICATIONS  - 
j 

HI - Flo    TIRE 

Materlala - 

Rubber,   Inner Carcaaa Cover,  Ga, 
(Schenult ■ S; Carlisle = C| Gates 

Intermediate,   Corer,   Ga. 

Outer Cover,   Ga. Amount 

, Ring,  Around Hub, Ga. Amoimt 

Tread,  Amount, Ga. 

Cord Insulation 

N     1     : 1    ^     - -   - ^RD 
"■ 

2 
- 

TIRE  NUMBER 10 12 

SIZE 43" 
j 

U3n W 

TOTAL TURNS 7750 7700 7700 71 

CORD ANGLE 90° 60° 900 900 

\                                          1 
I 

■ 

3^5160 S-5160 S-#5160 M 
-0) .020 1 Fc .020 1 PC .020 1 Pc .02* 

SH?9059 S-#9059 S-^9C59 SHP| 
.020 1 Pc .020 1 Pc .020 1 Pc .oa 
S-#9059 S-#<?059 S-#9059 ?-#< 
.020 1  Pc .020 1 PC .020 1 Pc .021 
None             j None None .02( 

S #9059 S #9059 S #9059 S #= 

Cord,  Type  (Nylon    ^20/2 

Hubs, Tjrpe(lnner Rubber Curing Flanfes Used 
Tin Foil Between Hub and Flange) 

Pre-Heater (Incl. Sheep's Wool Baae,   Pole for Cone) Temp. 

De-Klnker,  Wt.  Units,  Heavy Washer (H) ■ 1. 
(2 Poles per unit),  Light Wilier (L) « „2 

Slot  Bushing  (u022,, Opening) 

Pre-Festooner - Weights   (1402 Constant) •♦• 
Tenpereture    F'- 

25 oz.Per Pole 
29 o». Per Pole 

Tuber 
Die Space - Male and Female,  laches 

Exit    Die,   Inchea,   Type 

Barrel Temperature,    F0 

Head Temperature,  F0 

Die Temperature, F0 

Exhaust Opening  (Varies during Run) 
Screw Speed  (R.P.Mj 

Capfltan     (2 pulleys  - Heat Lar-pe) 

Festooner -  Counter Vts.   oto   (Constant  +) 
Selsyn    »tsc  12 ozc Con*tant + 

Final  T^naioning Device   (Approoc.   3;   Rubber) 

420/2 

Regular 

150° 

1025 

11 
250° 

3/8 

.035 Al. 

150° 

200° 

2000 

3 to 5 

2 Lights 

12 
12 

Golf Ball 

420/2 

Regular 

150° 

lc50 

11 
250° 

l*^.Cord       sticks 

Regular Regu 

150° tfc 

Room Temp, 
1.50 

11 
250° 

3/16 3/8      5/16    3/16 
5/16 

.035 AlcÄßtl.   ,050 Al. 

150° 

200° 

200° 

5 to 6^ 

2 Lights 
Varied 

12 
12 

No Good 

100 - 75° 

20.'•o 

200° 
- 

2 Lights 

17 
20 

Model Alr- 

150° 
Room 
1.50 

15 
250c 

5/16 

o05Ö 

75 

200° 

200 

6ri 

2 Lid 
V arl 

17 
20 

J 



I /■ 

u 
. Pc 
i9 
. Pc 
i9 
. Pc 

19 

)rd 

'emp. 

13 

7700 

90° - 60° 

S-#5160 
.020 1 Po 
S-#9059 
o020 1 Pc 
S-#9059 
.020  1 Pc 
,020 1 Pc 

S #9059 

ntlcka    on 

Regular 

u 

6000 

G   DATA 

60° 

S-#5160 
.020 1 Pc 
S-#9059 
.020 1 Pc 
S-#9059 
.020 1 Pc 
None 

o020 8" 
#9059 
S #9059 

15 

7700 

60° 

1 16 

43" 

7700 

60° 

17 

7700 

60° 

13 

A3" 

77X 

60° 

S-#5l60      j 
.020 2 Pcs 

None 

S-#9059 
.020 2 Peal 
o020 1  Pc 

apools — 

Regtdar 

150° to        150° to 
Room Temp    Room Temp 
1.50 lc50 

S #9059 

420/2 

Regular 

150° 

1.50 

S-#5l60 
c020 1 Pc 

None 

S-#9059 
.020 2 Pc« 
.020 1 Pc. 

S #9059 
ji of tire 
i used Sheet 
letock  (Good) 

420/2 
Rewound 

C-#8S33    p|C-#8233 
.040 1 Po } .040 1 Pc 

None None 
i 

C-#3233      '. C-#8233 
.040 1 Po | oC40 1 Pe 
None i .040 1 Po 

s-#3oci 

■ma' 
s 

C^#f 

001 

19 

43" 

7700 

60o 

20 

34" 

4500 

60° 

CONTINUOUS  CORD Tli 

APPENDIX    C 
t 

21 

43" 

7700 

60° 

-J 4  -1 i 
C-#8233 
^040 1  Pc. 

None 
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REVISFO 

ADMINISTRATIVE  DATA 

PURPOSE: 

As specifically authorized by Contract DA IiU-177-TC-)4li6, the purpose of 
the static testing of a high-flotation tire reported upon herein was as 
follows: 

(a)    Determination of stress distribution by measurement of strain in 
the  tire  carcass of one flight test model  tire at frll range of 
deflection from the  inflated but unloaded tire to the fi lly bot- 
tomed condition in appropriate steps with  the initial inflation 
pressure equivalent  to the maximum touchdown pressure in service, 

(ta)     Determination of footprint area  through the  full range of deflec- 
tion, 

(c) Determination of pressure variation through the full range of de- 
flection, 

(d) Determination of supported load versus deflection for the full 
range of deflection. 

In addition a  secondary objective was the calibration of the  test 
rig which was  subsequently to be used in rolling tests of  the same tire, 

MANUFACTURER: 

Fairchild Aircraft and Missiles Division 
Hagerstown,  Maryland 

MANUFACTURER'S TYPE OR MODEL NO.: 

High-Flotation tire #1? rated at 1500# - I43" diameter, 
60°cross-over angle of cord-winding. 

DRAWINGS,   SPECIFICATICNS,   EXHIBITS; 

Engineering Laboratory Folder No. LTM-I87 
Wilson, Nuttall, Ralmond Drawing No, hl-9 
FAMD Drawing No.  TM-296 

QUANTITY OF ITEMS TESTED« 

One 

SECURITY- CLASSIFICATION: 

Unclassified 

FA-800-23A 



REPORT NO     R2h^-ni0   ^AISU .  AinCR/iFT DIVISION 
  "K   FAIRCHII.D   ENGINE   |t AISPLANE   CORPORATION 

M-2h5 
fKKI'rtl;; ij   HY, ^VJS. Saw^-ei' 

CHÜCKM BY,   ,       n . 
It.TT.  Lnterline 

'( SUßJECT:- 
Static  Tost - lijf-h Flotrition Tire 

AGES PAGE 

DATE 19 February 1959 

REVISED 

ADMINISTRATIVE DATA   (continued) 

DATE TEST  COMPLETED: 

18  December 19^8 

TEST CONDUCTED BY: 

W.J.  Sawyer,   FAMD Engineering Laboratory 

DISPOSITION OF SPECIMEN: 

Held for use   in rolling  tests. 

ABSTRACT« 

Static tests were conducted on a 1)3" diameter 60° cross-over high flota- 
tion tire developed by FAMD under contract DA Ul.'-17?-TC-ljii6 with TRECOM. 
The tire, rated at 1500// was subjected to vertical, side, drag, and tor- 
que load tests. Oscillograph records of all test runs were made to cali- 
brate the Wilson-rNuttall-Raimond designed dynamometer. 

The vertical load phase of the tests consisted of applying a 6000# load 
through the axle and tire against a reaction platen at each of the ini- 
tial tire pressures of 1^-, 2, 3, Ü, 6, 12, 16, 20, and 2^ PSI.  Footprint 
areas with the tire depressed to 6000# vertical load and at initial tire 
pressures of U, 8, 12, 16, 20, and 2h  PSI were measured and recorded. 

Side load tests were accomplisned by holding a constant side load on the 
platen while vertical load at the tire was first increased to 6000// and 
then reduced until skidding occurred between the platen and the tire. 
These side load tests were rur at 5%  increments of a 3200/ side load for 
each of the initial tire pressures of 2, U, 8, 12, 16, and 20 PSI. 

Drag and torque load tests were accomplished in a similar manner to the 
side load test. Drag load test» were done for initial tire pressures of 
h,   8, 12, ]/-, and 20 PSI.  The drag load was applied in steps of 320# with 
a maximum value of 288n^ applied at 20 PSI initial tire pressure. Torque 
load tests were done for initial tire pressures of 2, U,  8, 12, 16, and 
20 PSI.  Torque load was applied to the platen in increments of U,U80 
inch pounds with a maximum value of i4.U,800 inch pounds applied at h  PSI 
initial tire pressure0 

Oscillograph records were forwarded to Battelle Memorial Institute, 
Columbus, Ohio for tabulation -if the data and plotting of the curves 
presented in the Appendix of this report. 
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SUBJECT:- 
Stntic Test - Hiph  Flotation Tire. 

DATE 

REVISED 

FACTUAL DATA 

DESCRIPTION OF TEST APPARATUS: 

The  test apparatus used in  the  static test of the high-flotation tire 
consisted  of a heavy  steel truck  trailer type  rig designed by Wilson, 
Nuttall,   and Raimond  and manufactured by Thompson Equipment Machine  Co. 
The rip was  supported at  its front end  by a  steel tube  stand  and  at  the 
rear by two calibrated load   cells which were mounted on  a series of steel 
support benm.So    The test set-up is  illustrated in photograph no.  38382 in 
the Appendix. 

The rig consisted of  an open rectangular base mounted on  truck wheels, 
for use in rolling tests,  located at the  rear of the base,   and a  raised 
platform  at the  front  or tow end  suitable Tor mounting equipment for 
rolling tests.    A large U- shaped  yoke was mounted  vertically on the 
longitudinal center line of the  trailer which  suoported an  air cylinder, 
rated at 7,^0 PS-I,    This jack was  used for applying vertical load.     The 
test  specimen,  a Iß"   diameter 60° cross-over High-Flotation tire,  was 
mounted on  a rotating axle  and  brake assembly which had   for its support- 
ing strut a ^-component dynamometer designed  by Wilson,   Nuttall,   Raimondj 
This  dynamometer  and tire   axle  acting as  a strut assembly were mounted 
in the yoke  so that the jack eould apply vertical loads  to  the   tire. 

The dynamometer was of  such design that all extraneous loads felt by 
the strut under a given loading condition would be  cancelled out,   and 
the dynamometer reading recorded  for each of the 6  components would be 
only the  loads or moments existing  at the center-line of  the test tire. 

The wooden loading platen under the  tire was  supported on steel balls 
rolling between ground  steel  plates  to  allow free movement in  the  hori- 
zontal  plane.    Jacks mounted  on the steel beams  supporting  the  rig were 
attached to   sides of the platen so that  side,   drag,  and torque loads 
could be applied to the platen independently with the tire depressed 
under the  vertical load.    Sandpaper was  glued  to the platen surface  to 
provide  a high friction surface   for  the  side,   drag,   and   torque tests. 

Tire radius   and tire width  changes  were measured  by standard laboratory 
deflection pick-ups  (Ref. drawings TH280 and TM281),    Vertical deflec- 
tions were measured by helipots   (Ref.  drawing TM-315).    Standard deflec- 
tion pick-ups were monnted on the  jig base and connected to the platen, 
for side,  drag and torque tests,   to measure movement of the platen under 
these  loads.    All  of the deflection measuring devices,  the 6 channel 
dynamometer,  the  2  vertical  load  cells and hydraulic jack  load cells 
when used,  were recorded on  a  C.E.C.  Oscillograph,, 
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DATE 
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REVISED 

FACTUAL DATA (continued) 

DESCRIPTION OF TEST APPARATUS; (continued) 

Stress distribution by measurement of strain in the tire carcass was not 
accomplished as no satisfactory method of measuring strain over a short 
p;a^e length could be determined. 

The vertical jack, the dynamometer and strut assembly, tire reaction 
platen, and deflection measurinp devices are shown in photographs 30383 
and 38381;, and detailed in drawings TK-29^ (FAMD) and Wilson, Nuttall, 
Raimond draviing No. Ul-9. 

TEST PROCEDURE: 

VERTICAL LOAD TEST. 

At an initial tire pressure of U  PSI, a vertical load of 6000^ was slowly 
applied to the tire by depressing it against the platen, and then the load 
was slowly removed.  An oscillograph record of the load cells and dynamo- 
meter durinp the load application and removal was made. A pip was recorded 
on the oscillograph at the time at which the tire began to wrinkle under 
load. This procedure was repeated at 8, 12, 16, 20, 2h,  3, 2, and l| PSI 
initial tire pressures.  Following this test, stamp pad ink was brushed 
onto the tire surface and a large piece of paper was placed on the platen. 
A 6000// vertical load was applied depressing the tire onto the paper» Tire 
footprints were made in this manner at initial tire pressures of h,  8, 12, 
16, 20 and 2h  PSI and 6000# vertical load.  The footprint areas were meas- 
ured and are presented in the data section of the appendix. A plot of 
vertical deflection vs vertical load for each initial tire pressure was 
plotted from data obtained in this ohase of the test as well as a calibra- 
tion curve for dynamometer vertical load. 

SIDE LOAD TEST. 

Side load tests were conducted by anplyinf a sufficient vertical load to 
hold the platen steady while a side load was applied by separate hydraulic 
jacks. Holdinr this side load constant, the vertical load was increased to 
6000// and slowly reduced until the platen skidded from under the tire. 
Usinc this procedure, oscillocraph records were taken in S%  increments of 
a 3200# side load at 2, h,  8, 12, 16 and 20 PSI.  The point at which the 
skid occurred was observed visually and recorded as a blip on the oscillo- 
graph. A plot of vertical deflection va. vertical load for each increment 
of side load was plotlted from data obtained.  Separate curves were plotted 
in this manner for each initial tire pressure, A calibration curve for the 
dynamometer side load was also plotted. 
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FACTUAL DATA (continued) 

TEST PROCEDUREt (continued) 

DRAG LOAD TESTS. 

Drar; load tests were done in the same manner as the side load except 
brakinp action of the tire was required for this test. This necessi- 
tated the use of a locking plate to restrain the tire from rotatinp; 
when the brake installed for that purpose failed to hold.  Similar 
curves were also plotted. 

TORQUE LO.AD TESTS. 

Torque load tests were conducted in a like manner to those above and 
curves of the same type were plotted. 

Comparison curves of vertical load vs side load and vertical load vs 
dra^ load at skid point were also plotted and appear in the Appendix. 

RESULTS OF TEST: 

The dynamometer readings were found to be consistent for given loads 
and the high flotation tire wiuhstood all loading phases of the test 
with no measure able permanent distortion. Some wearing of the tire's 
surface occurred as a result cf the frictional pull and twist encoun- 
tered in the side, drag, and torque load phases of the test.  The lack 
of tread-stock on this test tire is responsible for this result. 

Vertical load test curves of vertical load versus vertical deflection 
at varying initial tire pressures Indicate wrinkling of the tire at 
l| PSI under a load as small afi 7^0//, and very small or no wrinkling 
at all at 16, 20,  and 2h  PSI under full 6000# load. 

Curves plotted from side, drag, and torque load test data show a 1.51 
ratio of vertical load to side load at skid, a l.hS  ratio of vertical 
load to drag load at skid, and ,117 pounds of vertical load per inch 
pound of torque at skid. Curves of vertical deflection versus verti- 
cal load plotted for side, drag, and torque loads show only a small 
variation of vertical deflection resulting from high and low, side, 
drag or torque loads0 The maximum vertical deflection variation being 
approximately 2 inches for drag loads under 6000# vertical load and 
U PSI initial tire pressure. The general trend was for maximum varia- 
tion of deflection at low initial tire pressures and then diminishing 
with increased tire pressures, 
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RESULTS OF TESTi(continued) 

Pressure variation under SOOOff vertical load ranges from almost double 
the initial tire pressure  at k PSI to a negligible change at Zk PSI» 

TEST DATA» 

Submitted in the Appendix, 

CONCLUSIONS: 

The   test specimen withstood a maximum of 6000// vertical load,  a maximum 
of 2880// side  load in combination with a 6000# vertical load, a maximum 
drag load of 2880// in combination vdth a 6000//  vertical load,  and  a maxi- 
mum torque of lih,600"/f in combination with a 6000// vertical load,,    The 
test tire showed no signs of undue stress under repeated loading combina- 
tions at varying initial tire pressures.     It is  thus  concluded that the 
test tire has load carrying capabilities well in excess of its design 
values. 

RECOMMENDATIONS: 

It  is recommended that the   tire   be subjected to  a Rolling Test program 
to determine dynamic  stability prior to flight tests.     In the opinion 
of the FAMD Engineering Laboratory,   the tire should prove  completely 
satisfactory for flight testing. 
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ABSTRACT 

Rolling tests were conducted on a tire to determine rolling resistance on 
smooth pavement, reaction to simulated rough terrain, cornering, camber angle, 
braking, lateral stability, and shimmying tendencies. The test specimen was a 
U3" diometer high flotation tire, rated at iSOO,'!, with 600cord cross-over de- 
veloped by FAMD under contract with TRECCM« Oscillograph records were made of 
all tests and moving pictures were taken of some runs at each phase of testing. 

The test rig consisted of an open rectangular base mounted on truck wheels, 
located at the rear of the base, and a raised platform at the front or tow end 
on which was mounted a three sided instrumentation and personnel shelter.  This 
rig was towed by a highway type tractor. The basic rig was the same as used for 
the static tests and described in FAMD Report No. R2U5-010. 

The rolling resistance phase of the tests consisted of applying a IJJOO// 

vertical load through the axle and tire at each of the initial tire pressures 
of it., 8, 12, l6 and 2.h  psi., and making runs up to I4O MPH on smooth pavement. 

The simulated rough terrain phase of the tests consisted of rolling, at 
various speeds, over obstacles and across a ditch which simulated ruts, bumps, 
and pot holes respectively. The height and spacing of obstacles and depth of 
the ditch were changed for different tests.  Vertical loads of 1^00//, 3000,/', 
and kSOO,'/  were applied at initial tire pressures of li, 12 and 2k  psi. 

The smooth pavement cornering phase of the tests consisted of setting the 
axle at a 15° caster angle and making a 0-15> J'IPH run on smooth pavement.  Loads 
of 1000// and 1500// were applied at initial tire pressures of 1+ and 2h  psi. 

The camber angle phase of the tests consisted of setting the normally verti- 
cal axis of the strut at a 15° angle from the vertical and making a run of 0-l|0- 
0 MPH on smooth pavement.  Runs were made with 1500,/', 3000//, and k$00/f  loads 
applied at initial tire pressures of 12, 20 and 2k  psi. 

The last phase of testing was the braking, latex-al stability, and shimmy- 
ing tendencies on smooth pavement tests.  This consisted of making O-UO-O MPH 
runs on smooth pavement and "steering1 the tire so as to try to induce shimmy. 
The high flotation tire brake was applied on the deceleration part of these 
tests. 

Oscillograph records were made of every run and the tabulated data and 
graphs are presented in the Appendix of this report. 

The tire withstood all phases of testing with no apparent damage except 
in the cornering tests when the lack of tread-stock on this tire resulted in 
surface-wear exposing the cording. 
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ADMINISTRATIVE DATA 

PURPOSE» 

As specifically authorized by contract DAI1I1-I77-TC-I4U6, the purpose of 
this test on a high-flotation tire was as follows: 

(a) Determination of rolling resistance of the high-flotation, prototype 
flight test model tire on smooth pavement through the practical range 
of inflation pressures and ranges of deflection for speeds from 0 to 
the limits imposed by the available test vehicle, but not to exceed 
11$ feet per second. 

(b) Determination of behavior of flight test model tires at 100, 200, 
300 per centum rated lond as regards cornering, braking, lateral sta- 
bility and shimmying tendencies, while rolling upon smooth pavements 
at speeds from 0 to the limits imposed by the available test vehicles, 
but not to exceed 115 feet per second. 

(c) Determination of behavior of flight test model tires, to include re- 
action forces generated from encountering various ruts, bumps, pot- 
holes, etc., at speeds from 0 to limits imposed by the available test 
vehicle, but not to exceed 115> feet per second and with supported 
loads up to 300 percent rated load or as limited by bottoming or 
tire wrinkling. 

MANUFACTURER! 

Fairchild Aircraft and Missiles Division 
Hagerstown, Maryland 

MANUFACTURER'S TYPE OR MODEL NO.» 

High-Flotation Tire Serial No. 15 rated at 1500// - )J3" diameter, 
60 cross-over angle of cord winding, 

DRAWINGS, SPECIFICATIONS, EXHIBITS» 

Contract No, DAUU-177-TC-UU6 
FAMD Report R2U5-010 
Wilson Nuttall Rabnond Drawing No. Ul-9 
(Copies may be obtained on request to FAHD) 

QUANTITY OF ITEMS TESTED» 

One 

FA-800-23A 
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REVISED  

ADiMIWISTRATIVE DATA (continued) 

SECURITY CLASSIFICATION OF ITEM: 

Unclassified 

DATE TEST COMPLETEDs 

March 9, 1959 

TEST CONDUCTED BY» 

B.R. Klein 
FAMD, Engineering Laboratory 

DISPOSITION OF SPECIMENi 

Held pending disposition notice from TRECOM, 
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FACTUAL DATA 

DESCRIPTION OF TEST APPARATUS: 

The test apparatus used in the rolling tests of the hich-flotation tire 
consisted of a heavy steel truck trailer type rig designed by Wilson, 
Nuttall .md Raimond (reference drawing No. Ul-9) and manufactured by 
Thompson Equipjnent Machine Company.  This rig was tovjed by a highway 
type truck tractor. The set-up is illustrated in photographs no. 3Ö9I4O 
39013 and 39011 in the Appendix. 

This rig was basically the same as used on the static test and described 
in FAMD Report R2U5-010. A three sided instrumentation and personnel 
shelter was mounted on the raised platform at the front or tow end of 
the rig. A multichannel C.E.C. oscillograph and amplifiers wore mounted 
in this shelter. 

Electrical power was supplied by an engine-driven generator, 28 volt D.C. 
70 amp. capacity. A moving picture camera was mounted a few feet in front 
of the tire to obtain regular and slow motion pictures of the tire during 
testing. Seats were installed in the shelter for an oscillograph opera- 
tor and an observer, 

A foot brake system for the high flotation tire was installed under the 
instrument table, and was operated by the oscillograph operator when 
braking data Was desired, A wheel was installed at the rear of the rig 
which was instrumented to record the direction and speed of the rig on 
the oscillograph. Compressed air bottles were mounted on the side of 
the rig for changing the tire pressure and operating the vertical-load 
cylinder. However, after about two thirds of the test program was com- 
pleted, excessive air leakage in the cylinder prompted a change to oil 
operation» 

Deflection and turning of the strut were measured by hellpots, reference 
photograph no. 39012 in the Appendix.  All of the deflection measuring 
devices, the 6 channel strut dynamometer and the helipobs, were recorded 
on the C.E.C. oscillograph. Strain gages had been installed and cali- 
brated on the dynamometer during the static test program using laboratory 
load cells. 

The obstacles used in the rough terrain tests were as follow:;:  ob,tacles 
simulating ruts and bumps were installed singly and in series at spacing3 
of h  to 16 feet, A 2 x 10 board was anchored to the runuay and other 
boards fastened to it to change the obstacle height.  These obstacles may 
be seen in photograph 30971. A pothole was simulated by making a ditch 
with plywood sides to prevent crumbling of the edges«  The ditch was 21; 
inches wide by k0  inches long.  The depth of the ditch was varied from 
12 to U inches by adding or removing boards.  The ditch is shown in ■ 
photograph no. 3Ö970, 

FA-800-23A 
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FACTUAL DATA (continued) 

TEST PROCEDURE: 

ROLLING RESISTANCE TESTS- 

At an initial tire pressure of h  psi, a vertical load of 1500// was 
applied to the tire and a run made from O-UO-0 MPH, An oscillograph 
record was taken during the entire run. This procedure was repeated 
at 83 12, 16 and 2h  psi initial tire pressures. The high flotation 
tire brake was applied during the deceleration of some of thetse runs, 

SMOOTH PAVEMENT, BRAKING, LATERAL STABILITY &  SHIMMYING TENDENCIES TE5TS- 

These tests were conducted by "Steering" the tire from neutral to 5 or 
10 degrees in each direction during a 0-1^0-0 MPH run. This was done to 
try to induce shimmy. The brake on the high flotation tire was applied 
during deceleration on those runs. Tests were run at k,  12 and 2h  psi 
tire pressure. At h  psi, loads of lOOOtf  and 15>00// wore applied at 12 
and 2h  psi, loads of 1000//, 1500//, 3000// and U^OO// were applied. Os- 
cillograph records were taken during all runs. 

SIMULATED ROUGH TERRAIN TESTS (RUTS AND BUMPS)- 

These tests were conducted by running the tire over wooden obstacles 
simulating bumps. Two obstacles were used, varying in height from 2" 
to 10" and in spacing from h  to In feet. Tests were run at k  psi ini- 
tial tire pressure with 1500// vertical load applied and at 12 and 21; 
psi with loads of 1^00//, 3000// and i£00#. The height of the obstacles 
was increased at each tire pressure and load until it was considered 
unsafe for the tire or for axle clearance. Oscillograph records were 
taken and a blip was put on the record as the tire hit the obstacles. 

SIMULATED ROUGH TERRAIN (DITCH)- 

These tests were conducted by running the tire over the ditch at the 
various loads and tire pressures. Three different ditch depths were 
used, U, 8 and 12 inches, until it was concluded that the depth had 
little or no effect on the tire. This was due to the fact that oil, 
used to raise and power the vertical load cylinder, hydraulically locked 
the cylinder in place, thus preventing the tire from dropping into the 
ditch.  It should be noted here that the cylinder did not move verti- 
cally ,. even when air was used in the system while conducting the tests 
over obstacles and therefore the change to oil had little effect on 
the results of this test. 

FA-800-23A 
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FACTUAL DATA (continued) 

TEST PROCEDURE! 

SIMULATED ROUGH TgRRAIN (DITCH)- (continued) 

Tests were run at the identical tire pressures and loads used in the 
tests over the obstacles simulating ruts and bumps« Oscillograph re- 
cords were taken during each run. 

CAMBER ANGLE TESTS- 

These tests were conducted by rotating the large U-shaped yoke on 
the rig to the desired camber angle. The first angle tried was 2$°. 
However, it was found after one run, that at this angle the friction 
in the cylinder and excessive leakage past the piston prevented 
raising the tire.  It was also found that there was interference at 
this angle between the brake drum and the side of the rig at the 
higher loads. Therefore all of these tests were run at 1$°  camber 
angle. Since at this angle the tire wrinkled to excess at any appre- 
ciable load at U psi tire pressure, tests were run only at 12, 26 and 
2h  psi tire pressure. At 12 psi, loads of iSOOtf  and 3000/f  were applied 
and at 20 and 2k  psi initial tire pressure, loads of 1^00//, 3000// and 
U500// were applied. The test consisted of a O-J4O-O MPH run on smooth 
pavement. Oscillograph records were taken, 

SMOOTH PAVEMENT GORNERING- 

These tests were conducted by rotating the axle to a l^0 caster angle 
and making a run on smooth pavement at a speed considered safe for 
the tire.  In this case the runs were made at speeds up to 15 MPH. 
Dne  to the large amount of rubber taken off the tire in these tests, 
runs were made only at lOOO// and l500# at tire pressures of U and 2k 
psi. Oscillograph records were made during entire run. 

In every phase of testing, a representative number of moving pictures 
were taken, at different tire pressures, loads and test conditions. 

FA-800-23A 
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RESULTS OF TEST» 

Dynamometer cross channel response was determined by investigating static 
test calibration runs. It was determined that the only loading condition 
that affected other channels was vertical loading which caused some re- 
sponse in the side, drag moment, and torque bridges. The amount of this 
response is tabulated on page 12, 

Overall calibration accuracy of the dynamometer was within - 2%  of full 
range. The oscillograph records can be read to within i 1%  accuracy for 
1 inch of trace deflection. Before each group of test runs, calibration 
runs were corrected for any change in voltage that occurred. 

It is estimated that the overall accuracy of the plotted data iare within 

The high flotation tire withstood all phases of testing with no noticeable 
permanent distortion. Considerable wearing of the tire surface occured 
during the caster angle and the "steering" tests. The condition of the 
tire after this type of test may be seen in photo, no, 38911. The lack 
of tread-stock on this tire is primarily responsible for this result. 

Curves plotted from all tests, except the rough terrain tests, show that 
speed had no effect on any of the reactions. The brake was applied on 
the deceleration part of some of these runs but the brake was inadequate 
for this system and therefore the data for this phase were inadequate. 

On some of the curves negative drag was indicated. This may be explained 
by the fact that the top of the dynamometer was slightly aft of its theo- 
retically vertical position due to the position of the rig when attached ' 
to the tractor. This was reduced later in the test program by changing 
the rear axle height of the rig. 

Curves plotted from rolling resistance tests on smooth pavement show that 
there was a maximum drag load of 0,5^ of the vertical load and the maxi- 
mum indicated side load was 30^ of the vertical. Part of this side load 
reading was caused by the dynamometer cross channel influence (see pg.12) 
and the fact that the wheel position was found to be J0 off the true fore 
and aft position. 

Efforts to induce shimmy in the tire by "steering" were unsuccessful. All 
the runs in this phase were run while steering the tire from 0° to 10° in 
each direction and vertical, drag, and drag moment loads increased or de- 
creased in unison with the side loads and the steering angle as can be 
seen on the plotted curves of these tests. 

FA-800-23 A 
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FACTUAL DATA  (continued) 

RESULTS OF TEST: 

Tabulations were made to show the effect of tire pressure on drag versuc 
vertical loads and may be found on page 15. Curves were plotted to show 
the effect of obstacle height and tire pressure on vertical loads during 
rough terrain tests, and may be found on pages 16 - 18. 

Curves plotted IVom camber angle tests show a negative drag load at all 
vertical loads„ However, these loads are very close to the instrumenta- 
tion accuracy and can therefore be considered negligible.  The side load 
varied from 2^%  of vertical load to 70/' of vertical load. 

Curves plotted from caster angle tests show that drag load car again be 
considered negligible.  During these runs the ratio of side load to verti- 
cal load reached a maximum of approximately four times the vertical load. 

Variation in vertical load during an individual run was due to unevenness 
of the pavement on the runway on which the tests were made. 

TEST DATA: 

Data submitted in the Appendix. 

RECOMMENDATIONS: 

It is recoiranended that if any additional testing is to be done with this 
rig the friction in the vertical strut should be reduced in order to per- 
mit vertical motion and thereby simulate actual reactions during rough 
terrain tests.  Ideally, this action should be provided by an "A" frame 
parallelogram mounting. 

It is further recommended that this type of tire be approved for tests on 
aircraft up to its rated load of l^OO/f,  as it completed all phases of this 
testing with no difficulty or signs of failureo 

FA-800-23 A 
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Dynamometer Cross Channel Response Table -   -----   ______ 12 

Data Sheets 

Tabulation of Peak Loads in Obstacle Tests  13&1U 

Tabulation of Drag vs Vertical Load at Various Tire Pressures ----- 1^ 

Graphs 

Vertical Load Factor vs True Speed & Obstacle Height at h  PSI   - -  16 

Vertical Load Factor vs True Speed & Obstacle Height at 12 PSI   - 1? 

Vertical Load Factor vs True Speed & Obstacle Height at 2h  PSI - -   18 

Time History of Rolling Resistance Test at 3.5 PSI-   19 

Time History of Rolling Resistance Test at U PSI _-- 20 

Vertical Load vs Side and Drag Loads at 2lt PSI ----------- - 21 

Time History of Rolling Resistance Test at 21; PSI  -   -   - - 22 

Time History of Steering Test at U PSI & 1000 Lbs. Vertical Loau    - 23 

Time History of Steering Test at h  PSI and 1500 Lbs. Vertical Load   2l| 

Time History of Steering Test at 12 PSI and 1000 Lbs, Vertical Load   2$ 

Time History of Steering Test at 12 PSI and 1500 Lbs. Vertical Load   26 

Time History of Steering Test at 12 PSI and 3000 Lbs. Vertical Load   2? 

Time History of Steering Test at 12 PSI and U^OO Lbs. Vertical Load   28 

FA-800-23A 



REPORT NO.   R2li5-eH    FAIRCHILD  AIRCRAFT DIVISION 
 _1 OF   FA1RCHILD   KNGIN'E   k  AIRPI-ANE   rOKPOKATION 

PAGES    PAGE 9a 

M-2U5 
PREPARED   BY CHECKED   BY 

R.R. Enterline 
APPROVED   BY . 

Marsde n/Morto n/Fri sbv 

SUBJECT: 
Rolling Test - High Flotation Tire. 

APPENDIX  (continued) 

DATF    April 21,  19^9 

REVISED    

ITEM PAGE 

c 

Graphs (continued) 

Time History of Steering Test at 2h  PSI and 1^00 Lbs, Vertical Load 29 

Time History of Steering Test at 21^ PSI and 3000 Lbs. Vertical Load 30 

Time History of Steering Test at 2h  PSI and U500 Lbs. Vertical Load 31 

Time History of Camber Angle Test (25°) at 12 PSI and 1^00 Lbs. 
Vertical Load 32 

Vertical Load vs Side and Drag Loads at Canber Angle 15° and 12 PSI 33 

Time History of Camber Angle Test at 12 PSI and 1^00 Lbs. Vertical Load - 3h 

Vertical Load vs side and drag loads at 12 PSI and 3000 Lbs. Vert. Load 3$ 

Time History of Camber Angle Test at 12 PSI and 3000 Lbs. Vertical Load 36 

Time History of Camber Angle Test at 20 PSI and 1^00 Lbs. Vertical Load 37 

Time History of Camber Angle Test at 20 PSI and 3000 Lbs. Vertical Load 38 

Time History of Camber Angle Test at 20 PSI and U500 Lbs. Vertical Load 39 

Time History of Camber Angle Test at 2U PSI and 1^00 Lbs. Vertical Load UO 

Time History of Camber Angle Test at 2U PSI and 3000 Lbs. Vertical Load Ul 

Time History of Camber Angle Test at 2h  PSI and U500 Lbs. Vertical Load U2 

Time History of Castor Angle Test at 3.5 PSI and 800 Lbs. Vertical Load U3 

Time History of Castor Angle Test at k  PSI and 1000 Lbs. Vertical Load Uh 

Vertical Load VB Side & Drag loads at 2h  PSI and 1^00 Lbs. Vertical Load- U5 

Time History of Castor Angle Test at 2U PSI and 1500 Lbs, Vertical Load- -U6 

Photographs   Appended 
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38911 

389U8 

38970 

38971 

39011 

39012 

39013 
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Title 

Condition of tire after steering tost, 

Test rig and tractor. 

Ditch simulating pot hole. 

Obstacles simulating nits and bumps. 

Control Panel, 

Turn Indicator Helipot. 

Tire and Strut, 
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PREPARED   BY CKECKED   BY APPROVED   BY 

DATE 

SUBJECT:- Rolling Test - High Flotation Tire, REVISED 

LOQ OF TEST» 

Date 

12-22-^8 

1-13-59 

1-16-59 

1-22-59 

2-2-59 

2-5-59 

2-6-59 

2-12-59 

2-13-59 

2,-17-59 

2-19-59 

2-2U-59 

2-25-59 

3-2-59 

3-3-59 

3-9-59 

APPENDIX 

Received test request and folder. 

Completed FAMD Drawing TM-327 

Completed test procedure. 

Made two smooth pavement runs. 

Made two smooth pavement runs. Axle seized tight. 
Discovered damaged spacer on axle. Spacer removed 
and hub relocated with set screws. 

Made two smooth pavement runs and 17 runs over obstacles. 

Made three runs over obstacles. Axle started to work out 
of hub. Added additional set screw with locating hole in 
axle. 

Made fifteen runs - smooth pavement and obstacle. 

Made fourteen runs over obstacles. 

Made three runs over obstacles. Truck hit obstacles 
on third run - broke obstacles. 

Made one run on smooth pavement at 25° camber angle. 
Couldn't raise the tire after run with side of rig. 
Reduced angle to 15° for future runs. 

Made eight runs at 15° camber angle at O-UO-0 MPH. 

Made ten runs "steering" the tire. 

Made thirteen runs over ditch and two runs over 8" 
obstacle for film purposes. 

Made five runs steering the tire and two runs at 15° 
caster angle. 

Made two runs on dirt and made three smooth pavement runs 
at 15° caster angle. 

FA-800-23A 
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DATE 

REVISED 

+ 2 Vertical 

I» 
H- Torque 

Mj,. Side ^ 
- X Drag 

Direction of Tire Travel 

DYNAMOMETER CROSS CHANNEL RESPONSE 

Applied 
Load Vertical Side Drag 

My 
(Drag) (Side) 

Mz 

(Torque) 

Vertical 1.0 hUi#/iooo 9    o pÄ 0 
+2^6551 

Side 0 1.0 0 0 0 0               i 

Drag 0 0 1.0 0 0 0 

My  (Drag) 0 0 0 1.0 0 0 
Mx (Side) 0 0 0 0 0* o 
M2  (Torque) 0 0 0 0 0 1.0              i 

Accuracy of 
Readings 

t 7C# : 3o# 1 30# 1 l^OO1^ t 1000"ff 

■»• The side moment bridge is so insensitive that no readings 
were ever noted for this reaction. 

^ ^-, 

FA-800-23* 
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PROJECT: 

MODEL;_ 

TEST NO. 

High Flotation Tire 

CONDITION: 

.TESTED BY: 

PAGE 

DATE 

Obstacle Test 

OF 

STRESS WITNESS: CUSTOMER INSPECTION: 

Record 
No. 

Peak Loads Occuring at Obstacles 

obstacle 
Height 

Tire 
Pressure 

Vert, 
Load Lbs 

Act. 
Vertical 
'Load 

Vert, 
Load 
Lbs. 

Drag 
Load 
Lbs, 

Side 
Moment 
In. Lbs. 

Wheel 
Speed 

12192 2" h 1500 2U00 3800 -895 -5285 28.6 

12195 2" h 1500 2800 U660 
U96 
-870 -5285 U0.1 

122U6 2" h 3000 5U70 85U2 315 
-13U7 -2610 30.5 

122k7 2" h 3000 5U70 8817 
516 
-1081 -2610 19.5 

12203 2" 8 i5oo 2870 5897 
280 

-1036 -5285 UO.l 

1220U 2" 12 i5oo 2200 5292 
336 
-730 -7926 19.6 

12206 2" 12 i5oo 3070 5065 
392 
-WiO -10570 1*3.0 

12218 2" 12 3000 5200 8392 
590 
-810 -2610 19.1 

12219 2" 12 1000 ^670 91.L8 
560 
-^60 -26in 39„1 

12207 2" 12 i5oo 2270 $Uk3 -92U -7925 19.1 

12208 2" 12 i5oo 3000 627h 
365 

-6k5 -13210 1x3.0 

12220 2" 12 3000 5670 8921 
812 
-980 +2610 19.8 

12201 2" h l5oo 2670 5UU3 
36U 
-616 +26U2 39.6 

12209 2" 12 i5oo 2530 5821 
U20 

-6hh -18U9U 19.1 

12210 2" 12 i5oo 1270 UU60 
U76 

-15852 UU.li 

122U8 2" 12 3000 3330 5373 -710; -18270 19.1 

122^0 2" 12 U5oo 3070 6338 
1005 

-11*05 -23U90 19.1 

122U9 2" 12 3000 2270 5373 
U85 
-1060 -23I490 38.7 

12251 2« 12 U5oo 2600 5857 
716 

-1115 -26100 U0.6 

12253 2" 16 i5oo 270 U68U 
9U5 
-117^ -365UO 33.9 

1225U 2" 21» i5oo U930 105U0 
7U6 
-Ö31 -U176O 19.1 

FA-800-22 
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Pace  li| 

PROJECT: 

MODEL: _ 

TEST NO- 

High Flotation Tire 

CONDITION: 

.TESTED BY: 

Obstacle Test 

PAGE 

DATE 

OF 

STRESS WITNESS: CUSTOMER INSPECTION: 

Record 
No. 

Peak Loads Occurin^ at Obstacles  ! 

Obstacle 
Height 

Tire   | 
Pressure 

Vert. 
Load Lb-^ 

Act. 
Vertical 
'Load 

Vert.  1 
Load 
Lbs.  i 

Drag  j 
Load 
Lbs,   ! 

Side  ! 

Moment 
In.Lbs. 

Wheel ! 
Speed  j 

12255 2" 2U 3000 8600 1U329 
532 

-916        1 -U176O 20.5  : 

12256 2" 2U   ' U500 9130 15018 ! 831 
-1261  1 -39150 21.5 

1227U U" h 1500 1730 U800 -960 idjiio 20.5 

12263 U" 2h IS'OO I4UOO 11573 -1980 ■ 231490 16.0  [ 

12282 6« 12 1500 1800 8200 
620 
-1525 18270   1 20.0  1 

12285 6" 21* i5oo 1930 11939 
1551  1 
-2115 33930 19.6  i 

12280 6" 12 3000 3130 10800 
790 
-1380 18270 20.2 \ 

12281 6" 12 Uooo 3750 ll601 
902   1 
-1890 23U90 19.6 

12372 6" U 1500 2130 6067 
365 
-UilO 13050 27.9 

12276 6" 12 1500 1800 9067 
620 

-1^1 15660 20.2 

12277 6" 12 3000 3U00 11U67 
565 
_1380 15660 19.3 

12278 6" 12 Uooo 3330 10533 
790 

15660 18.6 

12U33 8" 3 1200 270 3067 
620 
-935 10760 6.9   i 

121436 8" 3 1200 330 3000 
900 
-1020 5380 11.5 

12U28 U"deep U 1500 1330 800 
680 

18830 10.5 

12U37 U"deep 12 1500 \  3670 133 
735 

8070 16.0 

12U31 8"deep k 1500 1 1U00 933 
765 
_7^< 18830 16.0 

121432 12" dee; > u 1500 3670 IO67 765 
-10h5 10760 * 

12liU0 12"dee ) 2U 1500 1530 UOO 850 
-1,80 5380 1 12o9 

12210. 12"dee 
1  2h 3000 1 2U0O 1 uoo m 8070 13.2 

■  12Uii2 |  12"dee \   2h U5oo 1 3U00 1 133 790 L6U550 1 1U.8  | 
FA-800-22 
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Pace  15 

f'KOjeCT:  

MODEL:       M-^ 

TEST HO-   

High Flotation Tire  - Rolling Tests 

PACE 

DATE 

OF 

COMDITION:    ^rafi versus  Vertical   Load at Various Tire  Press. 

TESTED  BY:     

STRESS  WITHESS: CUSTOMER   IHSPECTIOM: 

Record 
Number Vert. 

Load 
Drag 
Load 

Tire       \ 
Pressure 

12198 2670# 501//     | U PSI 

12?A6 5130# 1512# h PSI 

122U7 5U70# 1395# h PSI 

1220h 2200// 639# 12 PSI 

12218 5200# 1037# 12 PSI 

122^0 3070# 1686# 12  PSI 

1225U U930# 1512# 2U PSI 

12255 8600# 1366// 2k PSI 

12256 9130/f 1221/1 2l(, PSI 

: 

NOTE» THESE REA: }INGS WER S TAKEN A r  THE SA 1 '] POINT - 

JUST BE 50RE THE riRE HIT CHE ODSTA' 'JLES DUR] IG RDUOH 

TERRAIN TESTS. 

: 

FA-800-22 
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THE DESIGN AND DEVELOPMENT OF LABORATORY MODELS 
TO STUDY THE FEASIBILITY OF HIGH-FLOTATION TIRES 

FOR AIRCRAFT 

by 

J.  A.   Hoess,  W.   F.   Prien,  J.   H.   Beck,  C.   W.   Rodman, 
S.   A.  Gordon, J.   E.   Voorhees,  and R.  J.   McCrory 

During the period from June  27,   1956, through April 22,   1957, a research pro- 
gram entitled "An Analytical Study of High-Flotation Tires for Aircraft" was conducted 
at Battelle for the Fairchild Aircraft Division.    Battelle' s analysis in that research 
program indicated the feasibility of using high-flotation tires to dissipate the impact 
energy of landing aircraft.     To demonstrate the validity of the conclusions drawn in 
this analytical program,  the Fairchild Aircraft Division requested Battelle to submit a 
proposed research program on the construction of the associated equipment required 
for the mounting and laboratory testing of two high-flotation landing-gear systems.    In 
response to this request,  Battelle  submitted a proposed research program,   "The 
Design and Development of Laboratory Models to Study the Feasibility of High-Flotation 
Tires for Aircraft", dated March  15,   1957.    An agreement was concluded between 
Battelle and Fairchild for this study.    The present report covers the work on this pro- 
gram from its initiation on June  1,   1957,  to June  1,   1958. 

The objectives of the program listed in the proposed research program are: 

(1) The development of two full-scale laboratory-model, high-flotation 
landing-gear systems meeting the  specifications called for in the 
feasibility study.     The  static load ratings of the two units were to 
be 750 pounds and 1500 pounds. 

(2) The design and construction of the equipment required for the 
mounting and laboratory testing of the two units. 

(3) Laboratory testing of the high-flotation system components. 

During the development of the first high-flotation landing-gear model,  laboratory drop 
testing of the assembled unit was undertaken to provide insight into the actual operation 
of the complete high-flotation system.    Because of the  successful operation obtained 
with the first laboratory model,  the design of the  second unit was changed to make it 
adaptable to aircraft installation for flight evaluation. 

This phase report covers the design,  development,  and testing of a high-flotation 
landing-gear system designed to carry a static load of 750 pounds. 
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SUMA-IARY 

The high-flotation landing-gear concept embodies two basic objectives;    (1) to 
provide a low-pressure tire capable of supporting the weight of an aircraft on soft soil 
or sand and capable of rolling over ruts and other obstructions without transmitting 
large forces to the airframe and (2) to dissipate the kinetic energy of the aircraft due 
to its vertical velocity,  or sinking speed,  by bleeding air out of the tire at the time of 
contact with the ground.     The ability to dissipate energy would prevent excessive 
bouncing and eliminate the need for an oleo strut. 

A third design requirement resulted from the large size of the high-flotation 
tires — the tires must be folded for retraction after take-off.    This requirement and the 
necessity for light weight in aircraft components dictated a thin,  flexible tire 
construction. 

The function of energy dissipation required that a large,  rapid-acting valve be 
designed to bleed a large volume of air out of the tire during the first fraction of a 
second after contact with the ground.    Because of the  speed of valve actuation required, 
it was first considered necessary to employ a power-operated valve mechanism.    The 
use of powered-valve actuation with its associated controls has been discarded because 
of its complexity and because it is doubtful whether its response and reliability would 
be satisfactory.     Valve actuation is being accomplished by a deflection between the tire 
hub and the strut under load. 

The components of the high-flotation landing gear designed to carry a static load 
of 750 pounds have been designed to be extremely flexible for laboratory evaluation. 
Each component was tested to determine its characteristics before being assembled 
into the complete unit.     This component testing proved to be especially valuable in the 
valve design, where the  sleeve valve first proposed permitted excessive leakage and 
was replaced by a redesigned valve before actual testing of the complete landing gear 
was begun. 

A pressure-sensing device which closes the valve at a given minimum tire pres- 
sure regardless of the load on the landing gear and which permits take-offs at elevated 
tire pressures without danger of valve actuation has been incorporated into the design. 
This function was not called for in the analytical specifications,  but is considered to be 
necessary for successful operation of the system. 

The helical bellows method proved to be the most successful method of tire fold- 
ing.    To induce the high-flotation tire to fold into a helical bellows,  it is necessary to 
attach stiffening ribs to the tire and draw a vacuum of 1 2 inches of water inside the tire. 
This causes the tire to twist and collapse axially, forming a helical bellows without any 
external actuation other than the differential pressure across the walls of the tire. 

A drop-test apparatus was constructed at Battelle to evaluate the dynamic charac- 
teristics of the assembled unit.    Drop tests with this apparatus were made with various 
combinations of initial tire pressure,   static load,   sinking speed,  and valve configu- 
ration.    The results of these tests were highly satisfactory.    The 34-inch-di3.meter 
high-flotation tire with a total load of 780 pounds was successfully tested at sinking 
speeds up to 8-1/4 feet per second with a maximum load factor of 3. 8.     Load factor is 
defined as the ratio of instantaneous vertical load to total static weight. 
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HIGH-FLOTATION LANDING-GEAR DESIGN 

Design Specifications Determined in Analytical Study 

The feasibility of using high-flotation landing-gear systems to dissipate the impact 
energy of landing aircraft was demonstrated, within the limits of accuracy of the analy- 
sis, in Battelle' s research program,   "An Analytical Study of High-Flotation Tires for 
Aircraft".    This program resulted in a set of specifications for the operation of the 
air-bleeding system and for the geometry and fabrication of the high-flotation tires. 
Calculations showed that the orifices of the valves which bleed air from the tires during 
the landing innpact must be 9,   14,  27,  and 42 square inches in area for the 750,  1500, 
4000, and 7500-pound static-load tire systems,   respectively.    The orifices must open 
wide in 5 milliseconds or less after the instantaneous load on the tire reaches 1. 35 
times the static weight.     They must close completely in 25 milliseconds or less after 
the instantaneous load falls below 1. 35 times the static weight.     The tire diameters 
should be 34,  43,  60,  and 74 inches for the 750,   1500,  4000,  and 75ü0-pound static-load 
tire systems,  respectively, and the initial tire pressure  should be  17 psig for all four 
systems. 

Early Design Concepts 

To meet these specifications,  a design study was conducted on various methods 
of load sensing and valve actuation.    Most of the early concepts depended upon pov/ered- 
valve actuation,  either hydraulic or pneumatic,  which was controlled by some type of 
independent load sensor  such as an accelerometer.    One typical system considered for 
valve actuation is shown in Figure  1.     This system is a pneumatic or hydraulic servo- 
mechanism.     The valve would be actuated by a power piston controlled by the load 
input and by an overriding pressure input which would close the valve when a given 
minimum tire pressure was reached.    The sequence of operations for this system 
would be as follows: 

(1) The load input is moved to the right with increasing load. 

(2) A suitable linkage moves the spool valve to the  right,  and pressurized 
fluid enters the chamber on the backside of the power piston. 

(3) The power piston moves to the left and opens the valve. 

(4) As the valve opens, the  spool valve is returned to its original 
position,  thus halting the power piston.     Therefore,  a given position 
of the load-input rod would result in a given valve position. 

(5) When a given minimum pressure is reached,  the pressure-input rod 
is actuated and overrides the load input.    The  spool valve is thus 
moved to the left,  allowing pressurized fluid to enter the chamber on 
the front side of the power piston. 
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(6) The power piston moves to the right, closing the valve. The spring 
on the front side of the power piston would close the valve in case of 
a failure in the fluid supply system. 

Such systems presented many problems.     They were fairly complex and required 
external power sources for valve actuation.     It was also doubtful whether or not their 
response and reliability would be satisfactory.     Because of these problems,  an investi- 
gation was carried out to study the feasibility of using directly the force imposed on the 
landing gear for valve actuation. 

Theoretical Basis for Direct Valve Actuation 

A computer study was made of the dynamic response of the wheel-hub assembly 
during a landing to determine whether this response was fast enough to be used for 
valve actuation, i The following system was considered in this study: 

Ground / I 
Kj     Undeflated tire spring rate,   12,000 lb/ft 

Ko     Load-sensing spring rate,   18,000 lb/ft 

M,      Tire hub assembly mass,   1. 16 slugs 

Mp     Plane mass,   22. 1  slugs 

D     Dashpot rate,   100 lb-sec/ft. 

The basic dynamic equations for this system are: 

KJXJ + M^i - K2 (X2 - Xi) - D (X2 - Xi) = Fj = K^g 

K2 {X2 - X^ + D (X2 - X^ + M2X2 = F2 = M2g   . 

Fi: -  M i (^   ■ F , - M   - - r 2      Jvl
2g-*- 

Tire 
K2 M2     | 

Plane Hub 
■mrnnp— 

Ki 

Y     <d 

„ u 

V"     .^ X1 ■• 

X.   « 

x2 - 

v    ^ 
"1 '* A2   - 

(1) 

(2) 
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Figure  2 is a graph of the dynamic response results obtained for a landing of this 
system at a sinking speed of 8. 4 ft/s<:c.    In such a landing a relative movement of 
3/8 inch between the wheel hub and the fixed strut would occur in about 0. 015 second 
after touchdown.    The force acting to produce this movement would reach over 
900 pounds in that time.    These results indicate that it is feasible to use the force and 
deflection between the tire hub assembly and the  strut for valve actuation. 

Design of Components of the 750-Pound Landing-Gear Unit 

The high-flotation landing gear designed to carry a static load of 750 pounds was 
designed strictly as a laboratory test apparatus.    Flexibility and adjustability were 
stressed throughout,  to permit testing the 750-pound unit at conditions other than those 
specifically called for in the analytical study.     This has necessarily resulted in a 
heavier unit than would be needed for aircraft applications. 

Landing-Gear Linkage 

Valve actuation in the 750-pound unit is accomplished by means of the deflection 
between the tire hub assembly and the strut.     To obtain a deflection that would be 
sensitive only to the vertical load on the landing gear, it was first considered that a 
telescoping section should be provided in the main strut.    The use of a telescoping main 
strut was discouraged, however,  because it was thought that extremely heavy sections 
would be required to prevent deflections due to bending forces from detrimentally in- 
fluencing the load-sensing function.     Therefore, a linkage which would remove the 
major bending forces from the load sensor was devised. 

Figure 3 is a picture of the landing-gear linkage,    A telescoping load sensor is 
mounted in parallel with the main strut.    The axle housing is connected to the main strut 
by means of a horizontal link, and the load sensor is fastened to the main strut by 
means of a ball joint which is free to move in a direction parallel to the center line of 
the axle.    This type of mounting leaves the load sensor free of bending moments which 
might be imposed by tire loading, misalignments,  or deflections of parts under load. 
The only bending moment carried through the load sensor is a small one which is im- 
posed when the brakes are applied. 

Axle, Axle Housing,  and Brake 

The air is bled from the tire through a tubular axie.    Since the analytical study 
called for an orifice area of 9 square inches, it would be necessary to use a tubular 
axle with an internal diameter of about 3-3/8 inches.    Because of tire geometry con- 
siderations, however, it was necessary to use an axle with a 2-11/16-inch internal 
diameter, which provides 5.67 square inches of flow area.    This reduction in orifice 
area has a significant effect on the operating conditions of the high-flotation tire which 
was confirmed by the drop-test results. 

Roller bearings are mounted in the stationary axle housing, and the axle is 
allowed to rotate with the tire.    The axle is made of SAE 4135 steel hardened to 35 RQ, 
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and the housing is an Almag 35 casting.     The brake being used is an Auto Specialties 
5 x 3-1/4 single-rotor brake which has been adapted to fit this particular installation. 

Load Sensor 

Figure 4 is a schematic sketch of the luad-sensing strut -which is being used in 
the 750-pound static load high-flotation landing-gear system.     The unit has a stiff load- 
sensing spring mounted in  series with a light energy-storage  spring and an energy- 
absorbing dashpot which are mounted in parallel.    Valve actuation is accomplished by 
means of a yoke-shaped bell crank which is mounted in the axle housing.    A deflection 
of the load-sensing spring permits the bell-crank pushrod to move downward.     This 
movement rotates the bell crank, which produces an axial movement of a ring that in 
mounted externally on the axle.     This  ring is connected to the valve pushrod by pins 
that pass through slots in the axle.     Th(i load-sensing strut functions in the following 
manner: 

(1) The vertical load on the landing gear is transmitted from the axle 
housing through the load-sensing  spring to the piston assembly. 

(2) The deflection of the load-sensing spring under load actuates the 
yoke-shaped bell crank. 

(3) The load between the piston assembly and the strut is  shared by 
the energy-storage  spring and the dashpot. 

(4) After the dashpot reaches the end of its travel and bottoms,  the 
major portion of the load is carried directly from the piston 
assembly to the  strut.     The energy-storage  spring, however, 
continues to carry its portion of the load. 

Since the load-sensing function is performed by the deflection of the load-sensing 
spring, this  spring is the only component of the present load-sensing strut that is 
actually necessary for valve actuation.     The energy-storage  spring and the dashpot or 
"oleo" have been incorporated into the design, however, to obtain additional information 
as to how the high-flotation landing gear will function when installed in series with 
other forms of energy-storage or absorption devices.     The first phase of the testing 
program was conducted with the energy-storage spring and the dashpot locked out of 
the system so that the energy dissipation characteristics of the high-flotation tire could 
be established.    Tests are presently being conducted with the energy-storage  spring 
and the dashpot installed,  to determine their effect on the characteristics of the system. 

Sleeve Valve 

After an extensive investigation of possible valve configurations,  it was decided 
that a sleeve valve would offer many advantages over other types of valves for bleeding 
air from the tire.     It would not be loaded by the air pressure in the tire,  and a small 
linear movement would permit several rows of ports to be opened,  providing the 
characteristic of large valve area versus valve travel.    By contouring the ports in the 
sleeves, it would be possible to experiment with, various valve-area versus valve-stroke 
relationships. 
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The sleeve valve was designed to be internally mounted in the axle, " Figure 5 is 
a photograph of the disassembled valve arid a dummy axle.     To prevent binding of the 
valve with axle deflections j the outer sleeve is flexibly supported by O-rings on the 
inside of the axle and,  therefore,  is not constrained to deflect with the axle.     The inner 
sleeve is free to move axially in the flexibly supported outer sleeve.    An analysis of 
the perforated cantilever axle  showed that no prohibitive deflections should be 
encountered. 

I 

I 

The total valve stroke from full open to full closed is 3/4 inch.    After reaching 
the full-closed position,  however, the valve is allowed to travel another  1/4 inch to 
aid in sealing.     Thirty-four shaped ports are located in a double helix pattern on the 
sleeves.     They have a total valve area of 6. 7 square inches and the internal cross- 
sectional area of the internal sleeve is 4,4 square inches.    The ports are so shaped that 
30 per cent of the total valve area is exposed in the first 0.45 inch of valve travel.    As 
the valve area then begins to increase much faster,  the  remaining 70 per cent of the 
valve area is exposed in the last 0. 30 inch of valve travel, 

Valve-Test Apparatus 

To determine the characteristics of this sleeve valve, a laboratory test setup was 
constructed to measure the bleed-down rates of the valve as a function of port configu- 
ration,  port area, and initial tire pressure.    A 6.9 cubic foot tank, which has the same 
volume as the undeflected 34-inch-diameter tire,  was used to simulate the tire.    A 
dummy axle containing the sleeve valve was installed in the cover plate of the tank. 
Because of the high flow rates,   steady static flow was not maintained.    Instead, 
pressure-versus-time records were obtained while the air in the tank blew down 
through the  sleeve valve. 

Sleeve-Valve Characteristics 

Table  1  shows the times required to bleed the test tank from 17 to  2 psig at 
various degrees of valve opening and closure.     These results show that leakage is a 
major problem with the  sleeve valve.    It requires only 6 seconds to bleed the tank from 
17 to 2 psig when the valve is in the closed position and only 11  seconds when the 
leakage path is increased by moving the valve  1/4 inch beyond the closed position.     To 
reduce this high leakage rate,  it would be necessary to hold extremely close tolerances 
on the  sleeves and to make use of various coating techniques on the  sealing surfaces. 
It was apparent, however, that even with extreme care in sleeve manufacture,  the 
leakage rate would be excessive. 

1 

Redesigned Valve 

To replace the original sleeve valve, a new valve configuration was conceived 
which is positively sealed in the closed position without the necessity of holding ex- 
tremely close tolerances or using special valve-surface treatments.    Figure 6 is a 
photograph of the disassembled valve and a dummy axle.     Valve operation is as follows: 

(1)    Air passes from the tire to the axle through 8 large ports. 
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TABLE 1.     BLEED-DOWN RATES OF TIRE VALVES 

Fraction of Full Valve 
Area'a',  per cent 

Fraction of Total 
Valve Stroke, 

per cent 

Time Required to Bleed 
6.9 Ft3 Tank From 17 

to 2 Psi,   seconds 

Original Sleeve Valve 

100 
67 
33 

0 
0 

100 
83 
62 

0 
1/4-inch movement beyond 
port closure 

0. 25 
0. 30 
0,45 
6.00 

11. 00 

Present Valve Configuration 

100 
67 
33 

0 

100 
67 
33 

0 

0. 25 
0. 28 
0.40 

00 

(a)   Total valve areas for original and present valves are 5. 7 and 10. 8 square inches,  respectively.    Axle areas for original and 
and present configuration are 4.4 and 5, 7 square inches, respectively. 
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N50757 

1. Dummy axle 
2. Valve iptlng 
3. Valve pushrod 
4. Face-teal O-rlng 

5. Valve end plate 
6. Outboard sleeve 
7. Dummy outboard tire Hange 
8. Valve-port cylinder 

9.   Axle end plate 

FIGURE 6.   IMPROVED TIRE BLEED-DOWN VALVE SHOWN DISASSEMBLED 
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(2) An axle end plate, which is contoured to turn the air in a radial 
direction is mounted on the outboard tire flange, 

(3) A replaceable programmed  /alve port cylinder is mounted between 
the axle end plate and the ou board tire flange. 

(4) Valve area is controlled by an outboard sleeve which is mounted on 
the outside of the programmed valve port cylinder and which is 
sealed in the closed position by one reciprocating and one face-seal 
O-ring. 

(5) The external sleeve is moved axially to uncover the valve ports by 
a pushrod which passes through the center of the axle end plate and 
which is  sealed by a reciprocating O-ring.     The pushrod is joined 
to the external sleeve by a light disk which is exposed to atmos- 
pheric pressure on both sides to prevent pressure loading of the 
valve. 

(6) The valve is spring loaded in the closed position. 

The eight axle ports have a total area of 8. 0 square inches.     Since the sleeve 
valve was removed trom the inside of the axle, the effective internal axle area was 
increased from 4. 4 to 5.7 square inches.     The valve  stroke from full open to full closed 
remained at 3/4 of an inch and the maximum valve area, without programming, is 
10. 8 square inches.    A spring which applies a force of 66 pounds in the full-open pc - 
sition and 55 pounds in the closed position is used to close the valve and to hold it 
tightly against the face seal. 

Redesigned Valve Characteristics 

The bleed-down times for this valve are also shown in Table 1.     They compare 
favorably with those of the original sleeve valve even though the air is required to 
mushroom out at a 90-degree angle at the end of the axle.     The air-turning resistance 
has been compensated for by using larger port and axle areas in the new design.    When 
the valve is in the full-open position,  it requires 0. 25 second to bleed the tire from 
17 psig to 2 psig.     No measurable leakage was encountered when the valve was in the 
closed position.    During recent test runs,  the valve has been closing from the full-open 
to the full-closed position in approximately 13 milliseconds. 

Pressure Sensor 

A feature that was not called for in the analytical study specifications,  but which 
is believed to be essential for satisfactory tire performance,  is an overriding pressure 
control.     Such a pressure control would have two main purposes.    The first would be to 
insure a given minimum tire pressure by closing the valve whenever this minimum 
pressure is reached regardless of the load on the landing gear.     The  second purpose 
would be to permit reinflation of the tire to  some maximum take-off pressure without 
danger of actuating the valve during take-off. 
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A pressure-sensing unit has been built within the axle of the high-flotation landing 
goar to accomplish both of the pressure-control functions.     The present pressure 
sensor is designed to close the valve at a minimum tire pressure of 2 psig during a 
landing and to permit the tire to be reinflated to 11 psig for take-off without danger of 
valve actuation.    It controls valve actuation by means of a spacer block which is located 
between two sections of the valve pushrod.    When the spacer block is located between 
the two sections of valve pushrod,  the resulting assembly has  sufficient length to 
actuate the valve,  but when the spacer block is removed from between the two  sections, 
the resulting assembly does not have  sufficient length to actuate the valve. 

The method by which the spacer block is engaged and disengaged from the valve 
pushrod is shown in Figure 7.    Operation of the unit is as follows: 

(1) The spacer block is guided by slots which are cut into a U-block, 
and is capable of moving axially with the valve pushrod assembly 
inside the axle. 

(2) The U-block is mounted on guide pins and is free to move transversely 
with respect to the axle. 

(3) The U-block is spring loaded to hold it in a position which will dis- 
engage the  spacer block from the valve pushrod assembly. 

(4) Cam straps, which are mounted between rollers on the U-block and 
balance rollers, move axially and control the transverse position of 
the U-block. 

(5) The position of the cam straps is controlled by a piston which is 
loaded by tire pressure on one side and atmospheric pressure and a 
preset spring on the other  side. 

(6) When the tire pressure force on the piston is sufficient to overcome 
the piston spring force and the axial component of the force imposed 
on the cam  straps by the U-block springs, the piston will move to 
the right thus moving the U-block down, and with it moving the spacer 
block to the engaged position. 

(7) In the engaged position, the rollers on the U-block are seated on the 
horizontal section of the cam surface, and the U-block springs no 
longer impose an axial lorce on the cam straps. 

(8) When the tire pressure force on the piston drops below the piston 
spring force,  the piston moves to the left and allows the disengaging 
springs to lift the U-block and the spacer block to the disengaged 
position. 
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Spacer block- 

Valve push rod 
y-x 

Spacer Stock Engaged Spacer Block Disengaged 

/////////////////////////////// 

Spacer block guide 

Spacer block 

U-block 

Disengaging 
springs- Disengaged 

SAL— /////^////y?/////y/////'////y// 
Mounting of Spacer and U- Blocks 

U-block travel 
i Engaged 

Balance roller j 

Cam surface- 

U-block- 

Disengaged —j  
Travel of U-brock 

ff ///y/ 
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attached 
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Tire 
. press. 

^ 
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Cam strap 

-Piston 

Atmospheric/ yA 
pressure 
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o 
Piston 
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A-28789 
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FIGURE 7.    METHOD OF ENGAGING AND DISENGAGING SPACER BLOCK IN 
PRESSURE SENSOR 
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Pressure-Senaor Bench Testing 
and Characteristics 

The pressure-sensing unit was extensively bench tested to determine its operating 
characteristics and reliability.    It proved to be highly reliable under both static and 
dynamic conditions.     The first series of tists were run under dynamic tire bleed-down 
conditions and static vibration conditions.    These tests were conducted with the 
pressure-sensing unit connected to the valve test tank.     Figure 8 is a picture of the 
test setup.    Operation of the pressure-sensing unit was tested for all valve openings 
and pressure blow-down rates.     The pressure at which the piston in the pressure- 
sensing unit began to move and the pressure at which the valve began to close were 
recorded.    The pressure at which the piston began to move was extremely consistent. 
It remained between 2.75 and 3. 0 psig at all blow-down rates.    By the time the valve 
had started to close,  the pressure had dropped to 2. 2 psig for tests with full-valve 
opening, and to 2.4 psig for tests with the valve 1/3 open.    Final tire pressure is de- 
pendent on the time required for valve closure.     The engaging pressure during these 
tests varied from 11-1/2 to 12-1/2 psig. 

To determine the effect of vibration on the  sensitivity of the pressure-sensing 
unit,  it was mounted on a M.   B.   Manufacturing Company Model C-3 vibrator table and 
allowed to bleed down from maximum tire pressure.     Table 2 shows the effect of 
vibration loading on the pressure-sensor actuation pressure.     The vibration loading 
was applied both axially and transversely.    There was no appreciable change in the 
actuation pressure of the pressure-sensing unit when it was subjected to the various 
combinations of transverse loading,  but axial vibrations did affect the actuation pres- 
sures slightly.    An increase of 0. 34 psig in actuation pressure was noted when an axial 
loading of 5 G1 s peak to peak at a frequency of 20 cps was applied to the pressure- 
sensing unit.     Because of the low pressure of 2 to 3 psig, which would prevail during 
operation of the pressure sensor, it is doubtful that the soft tire will transmit axial 
loadings greater than those used in these tests. 

TABLE 2.    EFFECT OF VIBRATION ON PRESSURE-SENSOR 
ACTUATION PRESSURE 

Acceleration Peak Frequency, Actuation Pressure, 
to Peak, G1 s cps Psig 

Excitation Perpendicular to Axle Center Line 

0 0 3. 09 
10 20 3.00 
10 100 3.00 

Excitation Parallel to Axle Center Line 

0 0 3.09 
5 20 3.43 
5 100 3.28 
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Rotary Seal 

The air passage from <h.e inflation-deflation system to the tire requires the use 
of two rotary seals between the rotary axle and the stationary axle housing.    Because 
of space limitations,   simplicity,  and ease of application, large  rotary O-ring seals are 
used.     The rotary O-ring seals, which have a  1/16-inch-diameter cross section and a 
90 durometer hardness, were installed according to the manufacturer' s  specifications. 
Before being incorporated into the design, however,  they were laboratory tested under 
dynamic conditions. 

During these tests two O-rings were mounted in a large  stationary cylinder which 
represented the housing.    A dummy axle, which was polished to 6 microinches rms, 
passed through the  stationary cylinder and was rotated at speeds up to  1000 rpm.    The 
section of the  stationary cylinder between the two rotary O-rings was pressurized to 
17 psig during the tests.     To obtain satisfactory operation of the O-ring seals,  it was 
found necessary to lubricate them with greases,   such as  Lubriplate No.   630AA, which 
are  capable of operating at moderately elevated temperatures.     Twenty 2-minute runs 
at an axle speed of  1000 rpm were completed with zero air leakage.     The seals were 
allowed to cool between test runs.     To  reduce friction further and to decrease wear, 
the  section of the axle in contact with the rotary seals has been chromium plated and 
polished to a 6-microinch rms finish. 

Tire-Folding Provisions 

Deflation and folding of the high-flotation tires after take-off are necessary that 
they will not require excessive  space when they are  retracted into the plane.     Efforts 
to find the most satisfactory method of tire folding showed that the helical bellows 
method, which was recommended in the analytical study,  offered the most promise. 
Early efforts to fold the tire into a helical bellows employed a mechanically applied 
torque,  but the undistorted tire possesses extremely high torsional rigidity, and me- 
chanical ineans of folding the tire would require excessively heavy equipment.     It was 
found,  however, that by drawing a vacuum in the tire,  it could be induced to fold itself 
into a helical bellows. 

Tire Modifications 

Simply pulling a vacuum on the present tire geometry does not result in an 
acceptable folded tire package.    Stiffening ribs must be applied to the tire to induce it 
to fold into a uniform symmetrical package.     It is also necessary to start the tire folds 
mechanically at points midway between two adjoining ribs.    Tests were conducted to 
determine the most satisfactory stiffening-rib pattern and to determine the necessary 
construction specifications to make a tire  self-folding when a vacuum is drawn in it. 

During the testing program,  the  stiffening ribs were cemented on the outer 
surface of a conventional 34-inch-diameter tire.    Half-inch square,  50 durometer 
rubber strips were used as  stiffening ribs,  but they -were not stiff enough to provide 
satisfactory tire folding.     "B" size V-belts were used and produced satisfactory re- 
sults.    Experiments were carried out with variations in the stiffening-rib lead angle, 
the number of tire folds, and the distance between tire flanges.     The helical stiffening 
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ribs were tested with lead angles of 0^   35, and 45 degrees.    The most satisfactory re- 
sults were obtained with a lead angle of 35 degrees.    Six,   seven,   eight,   ten,   and 
fourteen stiffening  ribs were used to determine the most desirable number of tire folds. 
With 10 and 14 ribs,  it was found that the tire  section between two adjoining ribs was 
too stiff to permit uniform creasing.     The tire creased satisfactorily with eight ribs, 
although not quite  so easily as with six or  seven.     Eight ribs pez'mitted a slightly 
smaller final diameter than six or  seven, however,  and it was decided that this was 
the best number of ribs for this particular tire. 

A more uniform outer diameter of the folded tire  can be maintained by mounting 
circular stiffening ribs of a given diameter concentric with the axle on the side walls 
of the tire.     The diameter of these stiffening ribs determines the final diameter of the 
folded tire.     Tests indicate that the minimum diameter that can be  successfully used 
for  the  side wall stiffening ribs in the  34-inch tire is  20 inches.     The most satisfactory 
stiffening-rib configuration,   therefore,   consists of two circular  ribs of 20-inch-diam- 
eter concentric with the axle and mounted on either side of the tire,  and eight equally 
spaced helical ribs having a  35-degree lead angle.     These  ribs  extend between the two 
circular side wall ribs.    All ribs must be at least as  stiff as a "B"-type V-belt.     It is 
believed that such ribs could be molded into the tire during tire fabrication.    Figure 9 
shows pictures of the  34-inch-diameter tire in both the unfolded and folded conditions. 

To start the creasing mechanically between the stiffening ribs,  elastic cords 
were fastened to the interior of the tire midway between adjacent ribs.     These cords 
were,  in turn, fastened to a circular elastic cord, which was concentric with the axle, 
and thus provided a slight inward pull (4 pounds) on the  section of the tire between the 
ribs.     The  elastic  cords do not begin the  creasing action until the tire pressure drops 
below 8 inches of water.    It requires about 3 inches of water vacuum to start the folding 
action substantially and 12 inches of water vacuum to hold the tire in the completely 
folded position. 

The tire-folding test axle was designed to hold the tire hubs out at their oper- 
ational position until after the tire has been creased and one hub has started to rotate 
in relation to the other.     By maintaining this distance between hubs,  the initial tire 
creasing is substantially aided.    After  10 degrees of rotation,  the tire hubs are freed 
to move axially toward one another to further reduce the  size of the folded tire.     Total 
hub rotation during tire folding is about 9 0 degrees. 

TLre-Flange Locking Mechanism 

A positive lock on the inboard tire flange,  which is allowed to move axially during 
the folding operation,  is required to hold this flange in its operational position during a 
landing.     Without such a locking mechanism,   side loadings might unseat the flange 
during a landing with disastrous results.     To accomplish this  requirement,  a method 
was devised to obtain positive locking of the inboard tire flange in its operational po- 
sition during landings, but which will permit unlocking of the tire flange from the axle 
without any external actuation during the folding operation.     This  system,   shown 
schematically in Figure  10,  employs a pneumatic tube,  inflated by tire pressure,  to 
hold latches carried on the inboard tire flange in engagement with the axle.    When the 
air pressure in the tire drops below a given value, the latches are disengaged by light 
springs and the tire is permitted to fold.     The  latches in the mechanism begin to dis- 
engage at 1-1/2 psig and are fully disengaged at 1/2 psig. 
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FIGURE 9.    HIGH-FLOTATION TIRE WITH STIFFENING RIBS SHOWN 
IN UNFOLDED AND FOLDED CONDITIONS 
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FIGURE 10.    SCHEMATIC DRAWING OF TIRE-FLANGE 
LOCKING MECHANISM 

Inflation-Deflation System 

The use of the high-flotation tire necessitates an air-borne inflation-deflation 
system.     This system must be capable of inflating the tire to its maximum initial in- 
flation pressure (17 psig), making up for any possible tire leakage, and drawing a 
vacuum of 1 2 inches of water for tire folding.    Fairly high capacity will be required to 
inflate and deflate the tire in short periods of time.     The air-supply system used in the 
testing program is not designed for aircraft application.    It is designed, however, to 
provide a minimum time for tire inflation.    To inflate the tire, a solenoid valve, which 
is mounted between the tire and a large  shop air line at 85 psig,  is actuated for a given 
time interval.     This time interval is sufficient to insure that the tire will reach,  or 
slightly exceed, the desired initial tire pressure.    In the event that the tire is slightly 
overinflated, it is bled down to the desired pressure.    An adjustable pressure regulator 
is mounted in parallel with the timed solenoid valve.    This regulator can be set to any 
desired pressure and furnishes air to replace losses due to any small amount of leak- 
age.    Tire deflation is accomplished by actuating a valve which connects the tire to a 
vacuum pump. 
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LANDING-GEAR DROP-TEST PROGRAM 

Laboratory Drop-Test Apparatus 

Component testing alone could not provide sufficient information to predict the 
operation of the complete high-flotation landing-gear system.     Therefore, a drop-test 
apparatus was constructed at Battelle to perform preliminary tests on the assembled 
landing gear and to facilitate the acquisition of information on the necessary conditions 
for successful tire operation.    During these preliminary tests, it was convenient to 
utilize the adjustability of the various components of the laboratory model high-flotation 
landing gear. 

Drop-Tester Design 

Figure 11 is a picture of the Battelle drop-test apparatus.    It consists of a large 
four-bar linkage with a stationary vertical framework serving as one of the links.    Two 
parallel arms are pinned to this frame one above the other.    They guide the fourth link 
which is maintained in a vertical position.    The distance between the pivot locations on 
the arms is  16 feet.    To give the unit lateral stability, the arms are each constructed 
of two aluminum tubes which are spread 10 feet apart at the pivot location on the 
stationary frame.    The high-flotation landing gear is mounted on the guided vertical 
link; in the remainder of this report this link will be referred to as the landing-gear 
carriage. 

Landings can be made at any desired sinking speed by lifting the carriage to 
various heights with a crane and then dropping it.    Since the guide arms cause the 
carriage to travel in an arc, the unit is designed to have the guide arms located in a 
horizontal position when the tire strikes the landing pad.    This reduces to a minimum 
the effect of the circular path followed by the carriage. 

The carriage has provisions for the attachment of additional weights.    This makes 
it possible to carry out drop tests at various static loads.    An emergency energy- 
absorption system is also provided for, in the event that the high-flotation tire fails to 
stop the vertical descent of the unit in the allowable tire deflection.    The carriage has 
two outriggers mounted on either side of the high-flotation landing gear.    These out- 
riggers have pads on the bottom which strike piles of mounded sand when excessive tire 
deflections are encountered.    Without this emergency stop serious damage could be 
done to the landing gear in the event of a blow-out or other serious malfunction.    No 
such malfunction has yet occurred in the drop-testing program. 

Drop-Tester Instrumentation 

Evaluation of the landing-gear drop tests requires accurate knowledge of several 
important parameters.    These parameters are: 

(1) Tire deflection 

(2) Acceleration 
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(3) Tire air pressure 

(4) Valve position 

(5) Sinking speed 

(6) Time base. 

A Consolidated 5-114 recording oscillograph was chosen to obtain the required infor- 
mation because of its excellent speed ^.nd sensitivity characteristics as well as on the 
basis of availability and adaptability.    It is a high-speed., photographic,   18-channel 
recorder.    Timing mark generation, automatic record numbering, and trace identifi- 
cation are self-contained features.    A wide range of recording speeds and interchange- 
able galvanometers provide flexibility for special recording applications.    A chart 
drive speed of 28.8 inches per second was selected for the landing-gear teats. 

Because the travel of the landing-gear carriage is several times greater than the 
range of displacement transducers currently available, a lever system is used to scale 
down the carriage motion.    This lever system consists of two links, one of which is 
pinned to the landing pad and the other of which is pinned to the carriage.    The two 
links are then pinned together to form a scissors.    The carriage displacement can be 
scaled down to any desired degree by mounting the pickup between the two links at 
various distances from the common pivot point.     This scaled-down motion drives the 
slider of a linear potentiometer connected in a d-c bridge circuit to produce a signal 
proportional to carriage position. 

Vertical acceleration forces encountered by the carriage are monitored by an 
accelerometer fastened to the carriage frame over the tire.    Air pressure in the tire 
is measured by means of a variable-resistance pressure transducer.     This pressure 
pickup is mounted inside the tire.    Atmospheric reference pressure and lead wires 
pass through a tube which replaces one of the tire-flange retaining bolts.     To provide 
an indication of valve position on the recording,  a linear variable differential trans- 
former (LVDT) is used to monitor the position of the valve.    The recorder automatically 
provides a time base by marking the recording every one-hundredth second.    Sinking 
speed is obtained by integrating the acceleration-time curve on the recording.     Table 3 
lists all the instrumentation equipment used along with information as to range,   re- 
sponse, and sensitivity. 

Drop-Test Conditions 

Extensive drop testing of the assembled unit was carried out using the Battelle 
facility.    During these tests the static load,  initial tire pressure,   sinking speed,  and 
valve area were varied to determine their effects on the landing operation.    Drop tests 
were carried out with static loads of 780 and 990 pounds.    Sinking speeds ranging from 
2-1/2 to 8-1/4 ft/sec were used in the 780-pound static load tests,  and from 2-1/2 to 
7-3/8 ft/sec in the 990-pound static load tests.    Initial tire pressures were varied from 
8 to  17 psig, and three different valve configurations were used.    Valves A and B are 
similar in that they both have directly proportional valve area versus valve stroke 
characteristics.    Valve A, however, has a larger magnitude of total area than Valve B. 

BATTELLE MEMORIAL INSTITUTE 



I 
I 
I 

27 

I 

I 
I 

Cd 
W 
H 
w 
W 
h 

a. 
o 
» 
Q 
U 
J 

w 
H 
H 

cq 

o 
H 
55 
W 

s 
1—1 5 
a 
w 

o 
I—I 

H 
«I 
H 
Z 
W 

5 
H 

3 
PQ 
< 

M 
<u 
-tJ 

a 
£ oc ff\ fO m 

rO rj rj pg 
S 
S 
> 

i-H 

ro CO en ro 

r- r- t- r- 

n) 
Ü 

b 

« CQ CQ 
„ CO  ro m 
0)    „,    _,    ^H 
ß     ^H     ^H     rH 
Olli 
2i -^ —< -^ 

u 
d 

Ü o 
LO    >H 

o 
o .3 

^   -H   o   -H 

0 

o 
■-a 
d 
0) 

+-> 
o 

u 
0! 

o in 
(M i-l 
vO I 
00 IJ 

I i .9 "i 

.2 is 
Ü M 

UP 

3 j 
en   W 

So 

CO    +J 

U en 

d 

|3 
m 
in 

n 9. 

ft   «     D    > 

Q <: H > 

B   A   T   T   E   L   l.   E 

P. 
el 

oq 
o 

U 

d • H 
-a 
i-i 
o 
u 

a, 

u 

o 

(X 

I I 

o 
a 

O 

s I 

0) 

oo in 

t~- o oo 

u 
E 
o 

a 

M y «  d o 
Ü u d 

■rH ß ^ .2 0 S ^ 
en H a  « ■y   in   m u ' Ü ftil g    4)    O 

g 

o ^ 

d 
-H 

aj o   o ^   ^   ^ in 
(VI o    > u   a. 

00 i—, rsi O   sO S  • > 
00 

o 
o 

l 
-^3 m 

i     ■ 
O    INI <J H > 

r i) 

3^ 
X) 0) 

BO 
in 
1 in 

w 
h s 

TS   9 M (1) ^1 
■n i-i ♦-' A a) nt 0) 

HJ-g 1^ ft 
in 

B 
Ml 

o 
o   d -*-* a nl fa -g 
s I >< > ~   in | 
o J rTj ■H id ft 
u u u H O •« co < 

MEMORIAL INSTITUTE 



28 

Valve C is programmed so that the rate of valve-area opening is low during the first 
part, but high during the last part of the valve stroke.    All three valves began to open 
when the load factor reached 0. 75 and were full open when the load factor reached 1,5 
for a static load of 780 pounds.    A description of the three valves is as follows: 

A. The area of Valve A increases at the rate of 14.4 in.    /inch stroke 
and for a 3/4-inch stroke has a total area of 10. 8 square inches. 

B. The area of Valve B increases at. the rate of 8.7 in, ^/inch stroke 
and for a 3/4-inch stroke has a total area of 6.5 square inches. 

C. The area of Valve C increases at the rate of 5. 8 in. Winch stroke for 
the first 5/16 inch of valve stroke and at the rate of 14. 4 in.    /inch 
stroke for the last 7/16 inch of valve stroke.     The total area for a 
3/4-inch stroke is 8. 1  square inches. 

Drop-Test Results 

The first drop tests were made with the recommended initial tire pressure of 
17 psig.    The results of these tests were not satisfactory and indicated that the bleeding 
of air from the tire was not taking place fast enough to prevent the load factor from 
becoming excessive.    With Vadve A,  the maximum load factor for a static load of 
780 pounds and a sinking speed of 6-1/4 ft/sec reached 3.75,     ""he impulse encountered 
during these early landings was so large that the tire often bounced back into the air. 

Effect of Initial Tire Pressure 
on Maximum Load Factor 

In an effort to reduce the magnitude of the maximum load factor and impulse, 
lower initial tire pressures were used.    Figure 12 shows a graph of maximum load 
factors versus i.iitial tire pressure obtained with Valve A for various combinations of 
sinking speed and static load.     These results show that at the higher sinking speeds the 
maximum load factor was substantially reduced by employing lower initial tire pres- 
sures.    In the case of the landing with a 780-pound static load and a sinking speed of 
6-1/4 ft/sec,  the maximum load factor was  reduced from 3.75 to  2,80 when the initial 
tire pressure was reduced from  17 to 8 psig.     The tire did not bounce in the 8-psig 
landing, and very little oscillation was observed in the  system.    A practical minimum 
pressure, in this case 8 psig, was reached,  however, below which successful higher 
sinking speed landings were not possible because the tire was no longer capable of 
supplying a large enough impulse to stop the descent of the plane in the available tire 
deflection. 

At the lower sinking speeds initial tire pressure had little effect on the maximum 
load factor because there was much more time available to bleed air from the tire.    The 
graph shows that, for landings at a sinking speed of 2-1/2 ft/sec and a static load of 
780 pounds,  the maximum load factor remained fairly constant at 1.75.     The maximum 
load factor for low-sinking-speed landings with a static load of 990 pounds was  slightly 
reduced by a reduction in the initial tire pressure.     By reducing the initial tire, pressure 
from  17 to  11 psig in the landings made with Valve A at a sinking speed of 2-1/2 ft/sec 
and a static load of 990 pounds, the maximum load factor was reduced from 1,7 to 1,45. 
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At any given initial tire pressure and sinking speed,  the maximum load factor 
was less for the 990-pound static load than for the TSO-pound  static load landings.     This 
was to be expected,   since for any given load factor the 990-pound static load requires 
a higher force (and thus a larger tiie deflection for any given tire pressure) than the 
780-pound static load.    This larger required tire deflection allows the tire more time 
to bleed down and thus reduces the maximum load factor. 

Effect of Valve Area and Programming 
on Maximum Load Factor 

Table 4 shows the effect of valve area and programming on the maximum load 
factor.     The maximum load factor under any given conditions of static load, initial tire 
pressure, and sinking speed was slightly less for tests conducted with Valve A than 
for those conducted with Valve B.     This difference varied from around 0. 05 to 0. 30 for 
sinking speeds of 2-1/2 and 7-3/8 ft/sec,  respectively, in the 780-pound static-load 
tests.    It was even smaller in the 990-pound static load tests varying from 0 in some 
cases to a maximum of 0, 20 at an initial tire pressure of 11 psig and a sinking speed of 
6-1/4 ft/sec.    Since Valve A has a total area of 10, 8 square inches and Valve B has a 
total area of only 6. 5 square inches, it would seem that the difference in maximum load 
factors obtained with the two valves should have been larger than those which were re- 
corded.     The fact that the maximum load factor reached when using Valve B is only 
slightly larger than that reached when using Valve A indicates that the main limiting 
restriction to air flow from the tire is the internal axle area of 5.7 square inches, 
which is identical for both valves. 

Programming of the valve area, as was done in Valve C, to have a slow rate of 
area increase during the first part and a fast rate of area increase during the last part 
of the valve stroke had a beneficial effect on the maximum load factor for tests with the 
780-pound static load at low initial tire pressures and/or low sinking speeds.    For 
780-pound static load tests with an initial tire pressure of 17 psig,  the maximum load 
factor obtained with Valve C was not lower than that obtained with Valve A at any sinking 
speed, but when the initial tire pressure was reduced to 9 psig the maximum load factor 
obtained with Valve C was less than that obtained with Valve A at sinking speeds up to 
6-1/4 ft/sec.    It is believed that this beneficial effect could be extended to the higher 
initial tire pressures and sinking speeds if the available axle area were larger. 

At present the valve immediately opens to the full-open position for all tests at 
high initial pressure and/or high sinking speeds.    Programming at these conditions has 
little effect since it merely reduces the amount of total valve area that could be exposed 
in the full-open position.    At the lower initial tire pressures and/or sinking speeds, 
programming improves the tire performance because the valve is operating in the pro- 
grammed portion of the stroke and can more closely regulate the flow of air from the 
tire. 

The maximum load factor of landings conducted with a static load of 990 pounds 
did not vary substantially between tests made with Valves A and C.    One reason for 
this is that it requires a larger change in force to result in a given change in load factor 
for landings made at higher static loads.    Another reason is that in the 990-pound 
static-load tests the valve began to open at a load factor of 0, 60 and was full open at a 
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TABLE 4. EFFECT OF VALVE AREA AND PROGRAMMING 
ON MAXIMUM LOAD FACTOR 

Initial Tire Pressure, Aircraft Sinking Speec',  Maximum Load Factor  
psig ft/sec Valve A Valve B Valve C 

Static Load of 780 Pounds 

17 

11 

17 

11 

2-1/2 1.75 1.80 1.75 
4-3/4 3. 05 3. 15 3. 10 
6-1/4 3.75 3.95 3.86 

2-1/2 1.75 1.80 1.65 
6-1/4 3. 30 3.40 3. 15 
7-3/8 3.50 3.80 3. 70 

2-1/2 1.75 1. 80 1.65 
6-1/4 3. 10 3. 20 2.85 
7-3/8 3.40 3.70 3.40 

Static Load of 990 Pou- ' 3 

2-1/2 1.70 1.70 1.75 
4-3/4 2.65 2.75 2.75 
6-1/4 3.35 3.35 3.35 

2-1/2 1.45 1.60 1.50 
4-3/4 2. 15 2. 30 2. 15 
6-1/4 2.60 2.80 2.70 

Constant axle area of 5. 7 in. 2, total valve stroke = 3/4 in. 
2 

Valve A - Valve area increases at rate of : —  
inch valve stroke 

2 
Valve B  - Valve area increases at rate of 

Inch valve stroke 
2 

Valve C - Valve area increases at rate of - 
inch valve stroke 

14 4 in 
For first 5/16 inch of valve stroke and -—; ■ ;— for last 7/16 inch of valve stroke. 

inch valve stroke 
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load factor of 1. 15.    This reduced the time in which the valve was operating in the 
programmed portion of the stroke.    Therefore, the maximum load factors of the landings 
made with the 990-pound static load were, not so significantly affected by valve pro- 
gramming as those made with a 780-pound static load. 

j 

Optimum Operating Conditions and Range of Sinking Speeds 

The highest sinking speed at which the unit was operated was 8-1/4 ft/sec.    This 
sinking speed was attained in a series of drop tests that were made with a static load of 
780 pounds,  an initial tire pressure of 8 psig, and Valve A.    Landings at all sinking 
speeds from 2-1/2 ft/sec to 8-1/4 ft/sec were successful under these conditions. 
Figures 13,   14, and 15 show the landing dynamic characteristics of the 34-inch- 
diameter high-flotation tire for these landings at sinking speeds of 2-1/2,  6-1/4,  and 
8-1/4 ft/sec,   respectively.    Figure 15 shows that the maximum load factor for the 
8-1/4 ft/sec landing was 3. 8, which is below the allowable design maximum of 4. 0. 
The oscillation of the tire after valve operation, which is dependent on the energy re- 
maining in the system, varied from around 1 inch peak-to-peak at the low sinking 
speeds to around 2 inches peak-to-peak at the higher sinking speeds. 

Slightly higher initial tire pressure was required to give the best performance 
with the 990-pound static load.     With an initial tire pressure of 10 psig,  a static load 
of 990 pounds,  and Valve A,  the maximum load factor varied from 1, 4 at a sinking 
speed of 2-1/2 ft/sec to 3. 0 at a sinking speed of 7-3/8 ft/sec.     The tire oscillation 
after these tests was around 1 inch peak-to-peak at all sinking speeds from 2-1/2 to 
7-3/8 ft/sec. 

Energy-Dissipation Capability of the High-Flotation Tire 

Drop tests were made under identical conditions with and without valve actuation 
so that it would be possible to compare the two and determine the effectiveness of the 
high-flotation tire1 s energy dissipatiou capabilities.    Figure  16 shows the dynamic 
characteristics of tLo 34-inch-diameter tire for a landing with a static load of 
990 pounds.  Valve A,  an initial tire pressure of 10 psig, «.nd a sinking speed of 
7-3/8 ft/sec, but without v^lve actuation.    Figure 17 shows the dynamic characteristics 
of a landing under the same conditions except that the valve is actuated. 

By actuating the valve and bleeding air from the high-flotation tire, the maximum 
load factor was reduced from 4, 55 in the landing with no valve actuation to 3. 00.    The 
landing made without valve actuation was unsuccessful;   the tire bounced completely off 
the landing pad to a point just slightly below its original drop position.    Almost zero 
energy was dissipated during the landing operation.    The opposite was true, however, 
in the landing made with valve actuation.    Almost all of the impact energy was dissi- 
pated by bleeding air from the high-flotation tire.    It did not bounce, and only a 1-inch 
peak-to-peak oscillation remained in the system after valve actuation. 
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FIGURE 18.    THIRTY-FOUh   INCH HIGH-FLOTATION T1PE INFLATED TO 2 PS1G AND SUPPORTING LOAD OF 

150 POUNDS,  SHOWING CREASING OF S1DEWALL OF TIRE AT EXTREMELY LOW PRESSURES 

N60762 
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Final Tire Pressure 
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The final tire pressure achieved duriig the testing program ranged from 2 to 
3 psig.    It was evident, however, that the present 34~inch-diameter high-flotation tire 
would probably have difficulty in operating at the design final tire pressure of 2 psig 
when it is carrying a static load of 750 pounds..   Under these conditions the tire is 
significantly creased near the region in contact with the ground.    Figure  18 is a picture 
of the 34-inch-diameter high-flotation tire with a static load of 750 pounds and a pres- 
sure of 2 psig.     The clearly observable folds in the tire would undoubtedly cause ex- 
cessive heating of the tire during ground operation.    To avoid these tire creases it is 
necessary to inflate the tire to around 3-1/4 psig.    If the 34-inch-diameter high- 
flotation tire is to operate successfully with a static load of 750 pounds, it may be 
necessary to either limit the final tire pressure to 3-1/4 psig or to reinflate the tire 
to this pressure immediately after touchdown. 

CONCLUSIONS 

The conclusions that can be drawn from the test results are: 

(1) A deflection between the tire hub and the strut can be used for direct, 
mechanical valve actuation. 

(2) It is possible to fold the 34-inch-diameter high-flotation tire into a 
helical bellows by mounting stiffening ribs on it and drawing a vacuum 
of 12 inches of water in it. 

(3) The high-flotation landing-gear system is capable of successfully 
dissipating the landing impact energy of aircraft under laboratory 
drop-test conditions. 

(4) The present 34-inch-diameter tire unit functions with load factors 
less than four at sinking speeds as high as  8-1/4 ft/sec with an 
initial tire pressure of 8 psig,  a static load of 780 pounds, and 
Valve A.     This maximum sinking speed could be increased slightly 
by increasing the axle area available for air flow. 

FUTURE WORK 

In the immediate future it is planned to carry out more extensive testing of the 
present 750-pound unit.     These tests shall be conducted with the dashpot operating in 
the  system to determine its effect on the high-flotation tire' s characteristics.    Tests 
will also be conducted at static loads lighter than 780 pounds. 
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On April 11,   1958, Battelle recommended to Fairchild an expansion of the 
present research program.     This expanded program specifies that Battelle shall de- 
sign,  supervise construction, and perform laboratory tests on a pair of high-flotation 
landing gears designed to carry a static load of 1500 pounds.    These units shall be used 
for flight testing of the high-flotation tire system on an L-19 aircraft.    The laboratory 
testing of both the 750-pound laboratory model unit and the pair of 1500-pound flight 
test units shall include drop testing with spinup before drop to an equivalent of 75 knots. 
The design of the flight test 1500-pound pair of gears shall include the necessary struts 
for suitable attachment to an L-19 type aircraft.    An inflation-deflation system shall be 
designed including all valves,  controls, and mechanisms necessary for air-borne 
inflation-deflation and tire folding.    The expanded program also calls for the design of 
the necessary brackets to mount the  1500-pound gears on the N.A.C.A.   drop tester at 
Langley Field,  Virginia,  and a mechanism to extend the flight test system into the slip 
stream from the lowered ramp of a C-123 type aircraft while in flight to evaluate tire 
folding in a high-velocity air stream. 

The design of the  1500-pound landing-gear system is now in progress.    A number 
of weight-saving innovations have been devised and are being incorporated into the 
design.    A wing-lift device for the Battelle drop tester shall also be designed in addition 
to the various apparatus called for in the expanded research program. 

A record of all technical-work performed on this project appears in Laboratory 
Record Books 13510,   13511, and 14103. 

JAH:WFP:JHB:CWR!SAG:JEV:RJM/bjw 
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THE DESIGNAND DEVELOPMENT OF LABORATORY AND FLIGHT- 
TEST MODELS OF LANDING GEAR FOR AIRCRAFT TO BE 

OPERATED FROM ROUGH UNPREPARED FIELDS 

by 

W.   F.   Prien, R.  D.   Fannon,  J.   H.  Beck,  C. W.  Rodman, 
J.  A.  Hoess,  J.   E.   Voorhees, and R.   J.  McCrory 

During the first phase of this research program, which was entitled "The Design 
and Development of Laboratory Models to Study the Feasibility of High-Flotation Tires 
for Aircraft", the high-flotation landing gear designed to carry a static load of 750 
pounds was successfully tested in the laboratory, demonstrating the feasibility of the 
high-flotation landing-gear system under laboratory conditions.     The results obtained 
during the testing of the 750-pound landing-gear unit encouraged Battelle to recommend 
to the Fairchild Aircraft and Missiles Division an expansion of the research program to 
include the design and development of a high-flotation landing-gear system for flight 
resting.    In response to a request by Fairchild, Battelle submitted a proposed expanded 
research program dated April 11,   1958.    An agreement dated June 25,   1958, was con- 
cluded between Battelle and Fairchild authorizing this program and changing the title to 
"The Design and Development of Laboratory and Flight-Test Models of Landing Gear 
for Aircraft to be Operated From Rough Unprepared Fields". 

The objectives of the program were expanded to include the following items: 

(1) The design,  supervision of construction,  and laboratory testing of a 
pair of high-flotation landing gears designed to carry a static load of 
1500 pounds.    These units shall be used for flight testing of the high- 
flotation tire system on an L-19 aircraft. 

(2) The laboratory testing of both the 750-pound laboratory-model unit 
and the pair of 1500-pound flight-test units.    This testing shall include 
drop test with tire spin-up before touchdown to an equivalent of 75 knots. 

(3) The design of the necessary struts for suitable attachment of the  1500- 
pound landing-gear units to an L-19 aircraft. 

(4) The design of an airborne inflation-deflation system. 

(5) The design of the necessary brackets to mount the  1500-pound gears 
on the N.A.S.A.  drop tester at Langley Field, Virginia. 

(6) The design of a dynamic tire-folding test apparatus to be mounted in 
a C-123 aircraft to evaluate tire folding in a high-velocity air stream. 

The research program was further expanded by an agreement between Datteile 
and Fairchild on March 18,   1959.     This expanded research program provided additional 
funds and time to complete all of the objectives called for in the June 25,   1958,  agree- 
ment plus a number of additional objectives.     These additional objectives included the 
following items; 
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(1) The construction and laboratory testing of the dynamic tire-foldipg 
test apparatus, 

(2) The installation of a safety device in the high-flotation landing gear 
to operate a warning light in the cockpit when, the gear is ready to 
land. 

(J)    The disassembly, inspection, modification, weather protection, and 
reteating after reassembly of the   1500-pound landing-gear units. 

(4) The preparation of two new tires for mounting on the high-flotation 
landing gear, 

(5) The provision of technical assistance to Fairchild during the flight 
testing of the high-flotation landing gear and the dynamic folding 
tests of the high-flotation tire. 

During the laboratory testing of the 750- and 1500-pound landing-gear units, drop 
tests were conducted with wing lift as well as with tire spin-up.    Both size units 
operated successfully under laboratory conditions,  and the pair of 1500-pound units has 
been sent to Fairchild for flight testing. 

This final report covers the work on the project from June 1,   1958, to its com- 
pletion on August 15,   1959.    It includes the testing of the 750-pound unit with tire spin- 
up and wing lift, the design of the 1500-pound unit and of its associated apparatus, and 
the laboratory testing of the  1500-pound unit. 

SUMMARY 

As a result of the successful operation obtained with the laboratory-model high- 
flotation landing gear designed to carry a static load of 750 pounds, the  1500-pound 
landing-gear unit has been designed to be adaptable to aircraft installation for flight 
testing.    Its design embodies the same concepts and objectives as the design of the 750- 
pound unit, but a number of weight-saving innovations have been devised and are in- 
corporated into its design. 

Tire bleed-valve actuation in both designs is accomplished by a deflection between 
the tire hub and the strut when a vertical load is applied to the high-flotation tire.    The 
heavy-load sensor that was used in the 7 50-pound landing-gear unit has been replaced 
by a much lighter closed hydraulic cylinder mounted in the axle.    This cylinder has two 
pistons entering it; the pistons are at right angles to one another.    The first of these 
pistons is fastened to a vertical load-carrying link and is larger in area than the second 
piston which is used to actuate the tire bleed valve,    A high vertical load and a small 
deflection imposed on the first piston results in a lower axial load and larger deflection 
of the second piston. 

Except for changes in geometry, the design of the pressure sensor and tire bleed 
valve for the   1500-pound landing-gear unit has remained essentially unchanged from 
that of the 750-pound unit.    One additional feature, however, has been added to the 
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pressure sensor.    A microswitch, which would be connected to a warning light in the 
plane,  has been installed on the pressure sensor   and is actuated when the pressure 
sensor cocks.    This warning light would inform the pilot whether the pressure sensor 
was cocked. 

The helical-bellows method of tire folding is used to fold the 43-inch-diameter 
tire.    The same tire modifications used to induce the 34-inch-diameter tire to fold into 
a helical bellows are used on the 4 3-inch-diameter tire.    A tire-folding apparatus, 
which is to be mounted in a C-123 aircraft and which will extend a 43-inch-diameter 
tire into the slip stream while in flight to test tire folding under dynamic conditions, 
has been designed, constructed, and successfully operated in the laboratory. 

Struts to mount the  1500-pound landing -gear units on an L-19 aircraft, an 
inflation system to control the tire pressure of these units during  flight testing,  and a 
linkage to mount the high-flotation landing gear on the N.A.S.A.   drop-test facility at 
Langley Field, Virginia, have been designed.    The Battelle drop-test facility has been 
strengthened for drop tests with tire spin-up, and tire spin-up and wing lift devices 
have been designed and constructed, 

Drop tests have been conducted with the 750- and  1500-pound landing-gear units. 
During these tests the initial tire pressure,   static load,   sinking speed, valve configura- 
tion, tire spin-up speed,  and percentage wing lift were varied to determine their effect 
on the operation of the system.     The results of these tests were highly satisfactory. 
The 43-inch-diameter high-flotation tire was successfully tested at sinking speeds 
ranging from 2-1/2 to  10-1/2 ft/sec. 

DESIGN OF THE HIGH-FLOTATION LANDING GEAR 
AND ITS ASSOCIATED APPARATUS 

Design of Components of the  1500-Pound Landing-Gear Unit 

The basic method of operation of the   1500-pound high-flotation landing gear is 
patterned after its successfully performing 750-pound predecessor.    While there are no 
basic changes in the method of operation of the 1500-pound unit from that of the 750- 
pound unit, there are a number of significant weight-saving design changes in some of 
the components.    Weight considerations were necessitated by the fact that the  1500- 
pound unit was to be mounted and flight tested on an L-19 aircraft after preliminary 
laboratory testing had established the effect of the many variable parameters on the 
operation of the unit.    The results of these changes in component design can be seen 
in the reduction of weight from the 73 pounds of the 750-pound unit to the 50 pounds of 
the  1500-pound unit and in the simplification of the mounting linkage which makes the 
unit more applicable to mounting and testing on an aircraft. 

Landing-Gear Linkage 

Tire bleed-valve actuation in the  1500-pound unit,  as in the 750-pound unit,  is 
accomplished by means of a relative displacement between the axle and the strut.    While 
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the linkage used to mount the 750-pound unit prevented braking loads from drastically- 
affecting the vertical load carried by the vertical load sensor,  it was decided that too 
heavy a penalty in both weight and complexity had to be paid for this feature.    There- 
fore,  the mounting linkage for the  1500-pound unit v/as considerably simplified and con- 
sists of a four-bar linkage.     The only limitation ixnposed on the operation of the system 
by this  simplification is that the brakes  should not now be applied during the first instant 
after tire touchdown since braking will affect the axial load carried by the vertical load- 
carrying link. 

Figure  1 is a schematic sketch of the mounting linkage of the   1 SCO-pound unit. 
The axle is L-shaped and is mounted to the strut by means of a pin which is parallel to, 
but which is located off center from,  the axle and tire center line.     This arrangement 
permits the axle and tire center line to be pivoted about this mounting pin.    A vertical 
load-carrying link has one of its ends pinned to the strut and the other pinned to a slider 
link,  or piston,  that is mounted in a hydraulic cylinder fixed to the axle.    The deflection 
between the slider link,  or piston,  and the axle actuates the tire bleed valve. 

"Wheel, Axle,  and Brake 

The tire is mounted on a 7075-T6 aluminum cylinder which serves as a wheel for 
the 43-inch-diameter tire.    The earlier analytical study conducted at Battelle specified 
a required air-bleed orifice area of 14. 2 square inches for the 43-inch-diameter,   1500- 
pound static load,  high-flotation tire.    In the  1500-pound unit the air is bled from the 
tire through eight large ports, which have a total area of 21,5 square inches,  in the 
outboard end of the wheel.     The wheel has an internal diameter of 4.75 inches, which 
provides approximately  17.7 square inches of flow area. 

The wheel is mounted on a nonrotating axle, whifch is made of SAE 4340 steel 
hardened to 35 Re,  by means of two Timken Roller Bearings.    The outboard bearing is 
approximately located on the center line of the tire,  and the center-to-center bearing 
distance is   10.75 inches.     The L-shaped axle is essentially two cylinders intersecting 
at right angles.    The wheel and tire are mounted on the longer leg of the axle,  and the 
pivot pin, which fastens the axle to the strut,  passes through the shorter leg.    The dis- 
tance between the weel and tire center line and the pivot-pin center line is  3.75 inches. 

Figure 2 is a photograph of the inboard side of the right-hand  1500-pound unit as 
mounted on the Battelle drop tester.    The axle mounting and brake components are 
clearly visible in this picture,    A spot brake with two cylinders or spots and with a 
single rotating disk is used on the  1500-pound unit.    The brake disk is driven on its ex- 
ternal periphery by a toothed flange which is fastened to the rotating wheel,  and the 
brake-cylinder housing is fastened to the nonrotating axle.     Because of the increase in 
the rolling radius of the 43-inch-diameter high-flotation tire over that of the conven- 
tional L-19 tire,  it is necessary approximately to double the braking torque available 
from the conventional L~19 brake system.    This is accomplished by using two 2-inch- 
diaineter brake cylinders in place of the conventional one 2-inch-diameter brake cylin- 
der that is used on the L-19.    These cylinders are located 3-1/2 inches from the axle 
center line, and for a cylinder pressure of 900 psig and a brake-lining coefficient of 
friction of 0,25 the torque developed is   10,000 inch-pounds.     Two smaller brake 
cylinders are used in place of one larger cylinder because they permit the use of a 
smaller diameter brake disk and, thus,  do not reduce the ground clearance as much 
as a single larger cylinder would. 
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Load-Sensing Cylmder 

To reduce the weight and complexity of the load sensor used in the 750-pound unit, 
the energy-absorbing dashpot was not included in the design of the   1500-pound unit, and 
a method was devised to eliminate the large load-sensing spring that was formerly re- 
quired.     This method uses a small closed hydraulic cylinder which is inounted in the axle, 
and which has two pistons located at right angles to one another, entering it.    Figure 3is a 
schematic sketch of this load-sensing cylinder.    One of the two pistons entering the load- 
sensing cylinder is larger in area than the other.     The larger piston, which is mounted 
in the vertical direction and which is fastened to the ball-ended vertical load-carrying 
link,  is   1-1/2 inches in diameter and has an area of 1.77 square inches.     The smaller 
piston actuates the tire bleed valve and is formed by a stepped shaft which passes 
through the cylinder along the center line of the axle.    This stepped shaft has diameters 
of 13/16 and 3/8 of an inch and has a differential area of 0.41  square inch.     Therefore, 
the areas of the pistons are in the ratio of approximately 4. 33 to  1,  and the spring rates 
of the comparatively small valve and push-rod springs are increased 4. 33 times relative 
to the larger piston. 

When a vertical load of 4800 pounds is imposed on the larger piston by the vertical 
load-carrying link,  the internal cylinder pressure rises to 2710 psig.     The push-rod 
spring pulls the larger diameter portion of the stepped shaft back into the cylinder when 
the load on the larger piston is  relieved.     This  spring has a preload of 15 pounds and a 
spring rate of 159 pounds per inch.    Since the unit is located on the center line of the 
axle and since the pistons are located at right angles to one another, the bell-crank 
mechanism used to actuate the valve in the 750-pound unit has also been eliminated. 

The load-sensing function is performed in the following manner: 

(1) The vertical load on the tire is imposed on the vertical load-carrying 
link which applies this load to the larger piston in the load-sensing 
cylinder. 

(2) A preload is applied to the stepped shaft, which passes through the 
load-sensing cylinder, by the valve and push-rod springs. 

(3) As the load on the larger piston increases, the fluid pressure in the 
load-sensing cylinder increases. 

(4) When the pressure in the cylinder reaches a value that applies a force 
on the stepped shaft sufficient to overcome the preload in the valve 
and push-rod springs,  the stepped shaft is actuated and begins to open 
the tire bleed valve. 

'i 

(5) The displacement of the stepped shaft is then directly proportional 
to the increase in load on the larger piston. 

(6) The travel of the stepped shaft is limited to  1 inch by a rubber 
(stop,  and any further increase in the load on the larger piston in- 

creases the pressure in the load-sensing cylinder,  but does not 
result in any further displacement of the stepped shaft. 

I 
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Pressure Sensor 

Because of the satisfactory oper ition of the pressure sensor in the 750-pound unit, 
the method of operation of the pressur ) sensor used in the  1500-pound unit is identical 
with that used in the 750-pound unit.     The only major design changes were concerned 
with the geometry of the component.    One additional feature,  however, was added to the 
pressure sensor.    Since the unit is to be flight tested,  it was  considered essential to 
provide some means of informing the pilot whether or not the pressure sensor is cocked 
before landing.     To accomplish this, a microswitch is mounted on the pressure-sensor 
frame and is actuated when the pressure-sensor guide block is in the cocked position. 
The actuation of this switch turns on a light in the cockpit of the plane and lets the pilot 
know whether the pressure sensor is cocked.     The electrical leads to this switch are 
brought out of the  1500-pound unit through the air passage.    The pressure sensor,  as 
installed on the Li-19 aircraft,  is set to disengage at a pressure of 2-1/2 psig and to 
engage or cock at a pressure of approximately 7-1/2 psig.    Figure 4 is a photograph of 
the vertical load-carrying link,  load-sensing cylinder,  pressure sensor,  and the air- 
and electrical-inlet assembly. 

Tire Bleed Valve 

The design of the tire bleed valve for the   1500-pound unit remained essentially the 
same as that for the 750-pound unit except for changes in geometry.     The available valve 
stroke from the full open to the full closed position in the 1500-pound unit is  1 inch.    The 
prugrammed valve-port cylinder has eight ports,  an internal diameter of 8-3/4 inches,, 
and a maximum available area of 24.4 square inches.     To reduce the O-ring friction on 
the outboard sleeve,  the large reciprocating 0~ring seal has a hardness of 40 durometer. 
The valve spring is preloaded to 95 pounds and has a spring rate of 43 pounds per inch. 
This preload is sufficient to hold the outboard sleeve tightly against the O-ring face 
seal,  and no leakage of either the O-ring reciprocating or face seal was noted at tire 
pressures as high as 25 psig.    A vertical load of approximately 1050 pounds i.s required 
to start valve actuation, and the valve is full open at a vertical load of approximately 
1950 pounds.    As the tire bleed valve and the valve rod rotate with the tire and as the 
pressure sensor and valve push rod,  which are mounted in the axle,  do not rotate,  a 
rotary thrust bearing is located between the valve rod and the valve push rod. 

Folding of the 43-Inch-Diameter High-Flotation Tire 

The 43-inch-diameter high-flotation tire is folded into a helical bellows in the 
same manner as the 34-inch-diameter tire.    The same tire-folding provisions are 
necessary for both tires, and the same method of locking the inboard tire flange to the 
axle is  employed in both units.     These tire-folding provisions and the reasons for each 
and the design of the tire-flange locking mechanisna are explained in detail in the Phase 
Report on this project,  dated August 1,   1958. 

I 

Tire Modifications 

To determine the most satisfactory stiffening-rib configuration for inducing the 
43-inch-diameter high-flotation tire to fold into a helical bellows, tests were conducted 
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with various combinations of the number of ribs and the rib lead angle.     Type "B" V- 
belts were cemented to the tire as stiffening ribs and performed satisfactorily.    Lead 
angles of  10,   25,  and 45 degrees were employed; a lead angle of 10 degrees  gave the 
best results.    Eight and ten stiffening ribs were used to determine the most desirable 
number of tire folds.    The tire creased more easily with eight than ten folds, but ten 
folds permitted a slightly   smaller folded diameter than eight,  and it was decided that 
ten is the best number for this tire.     The smallest diameter of the circular concentric 
stiffening ribs on the side walls of the tire that will insure a uniform outer diameter of 
the folded tire package is  24 inches.     It was found that a vacuum of only 8 inches of 
water was required to hold the tire in the completely folded position. 

To insure the proper folding of the tire that was used in the above tests,  it was 
necessary to hold the tire hubs axially in their operational position until after the tire 
had been creased and one hub had rotated approximately 1 1 degrees with respect to the 
other.     The inboard hub was then released and allowed to move axially toward the out- 
board hub.    However,  to fold successfully tire Number  16,   the tire that will be used in 
the dynamic tire-folding tests,  it was found to be necessary to hold the hubs axially in 
their operational position until they have rotated approximately 30 degrees with respect 
to one another.     This variation in the folding requirements for the two tires indicates 
that,  for tires of different stiffness or cord angle, it will be necessary to perform 
folding tests to determine what tire modifications are necessary to give optimum folding 
performance for that particular tire construction.    Figure 5 is a sequence of photo- 
graphs of the 43-inch-diameter high-flotation tire taken at various stages during the 
folding cycle. 

Dynamic Tire-Folding Apparatus 

To test the folding of the tire under dynamic conditions  such as will be encountered 
during operation, a tire-folding apparatus which is to be installed in a C-123 aircraft 
was designed,  constructed,   and operated in the laboratory.    Figure 6 is a schematic 
diagram showing the manner in which the 43-inch-diameter high-flotation tire will be 
extended and retracted from the C-123 during the dynamic folding tests.    The apparatus 
will be rigidly fastened to the cargo ramp of the C-123,  and the tire will be extended 
into the slip stream by rotating the extension arm 180 degrees.     The extension arm is 
positioned by a chain that is driven by a powered screw jack. 

The tire is connected to a three-way solenoid valve which is actuated to either 
inflate or deflate the tire.    When this valve is in the inflate position,  the tire is open to 
an accumulator which has been preinflated to a pressure that is  sufficient to inflate the 
tire quickly from the folded condition.    When the valve is in the deflate position,  the 
tire is open to the vacuum side of an industrial-type vacuum-cleaner blower,  and folds 
as it is  evacuated. 

Design of the L-19 Struts  and Inflation System 

I 

Calculations showed that the spin-up and spring-back loads that would be applied 
to the high-flotation tire during landing would be larger than the maximum allowable 
spin-up or spring-back load that can be safely carried by the front-strut attachment 
fittings on the L-19.     To permit landings at comparatively high sinking speeds with the 
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FIGURE  5.      FOLDING SEQUENCE OF THE 43-INCH-DIAMETER, 
HIGH-FLOTATION TIRE 
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high-flotation landing gear mounted on this aircraft,  it was necessary to mount the 
landing gear on the L-19 by means of a structure which is fastened to the rear pontoon 
fittings as well as to the front-strut fittings. 

Both of the high-flotation landing gears are mounted on a common front-strut 
weldment which is fastened to the L-19 by means of adapters that are mounted in the 
conventional Li-19 front-strut fittings.    The front-strut weldment is pinned to these 
adapters and is free to pivot in a fore-aft direction.    It is held in place by two ball- 
ended rear struts which are fastened to it at the points where the landing-gear units are 
attached and which extend rearward to the rear pontoon-.tttaclunent fittings.    The major 
reaction forces due to tire spin-up and spring back are carried by these rear struts. 

Since the tires to be mounted on the L-19 for flight testing will not be folded, an 
inflation system has been designed without provisions for tire deflation.    This sytem 
consists of a 3000-psig air-storage accumulator that is supplied by a 2-cfm compressor. 
Each tire is independently inflated through its own adjustable lever-operated pressure 
regulator.     The system has provisions for automatic quick reinflation of the tires by a 
predetermined amount after tire bleed down so that the tire run-out pressure can be in- 
creased to a sufficient value to reduce tire wear and heating during the flight-test pro- 
gram.     This quick reinflation is accomplished by connecting a second accumulator to 
the tires immediately after both tire bleed valves have closed.    This second accumula- 
tor is preinflated to an adjustable pressure that is sufficient to raise the pressure in the 
two tires by the desired amount. 

Design of the Langley Field Drop-Test Linkage 

The minimum load that can be dropped in the N.A.S. A.   drop-test facility at 
Langley Field, Virginia, is larger than 1500 pounds.    This makes it impossible to 
conduct drop tests with the high-flotation landing gear designed to carry a static load 
of 1500 pounds mounted directly to the present drop-test carriage.    Therefore,  a 
linkage similar to the four-bar linkage used for drop testing at Battelle was designed to 
be fastened to the drop-test carriage at Langley Field.    The high-flotation landing gear 
would be mounted on this linkage during the drop testing.    The drop-test carriage 
would be fixed at a given vertical position, and the vertical motion of the high-flotation 
landing gear would be accomplished by raising and dropping the four-bar linkage in 
the same manner as is done with the Battelle drop tester.    The horizontal motion of 
the unit would be provided by the N.A.S.A.  drop tester.    Adapters were designed to 
permit the testing of the landing gear with both yaw and roll.    A safety stop was de- 
signed to limit the downward travel of the four-bar linkage.    This safety stop would 
prevent the damaging of the high-flotation landing gear in the event of a tire failure. 
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LA NDING - GEAR DROP-TEST PROGRAM 

Laboratory Drop-Test Apparatus 

Both the 750- and 1500-pound static-load high-flotation landing gears were drop 
tested under laboratory conditions at Battelle to determine the necessary conditions for 
successful system operation and to gain some insight into the possible effect that tire 
spin-up and wing lift will have on the operation of the system.    To conduct drop tests 
with tire spin-up before touchdown and with wing-lift, it was necessary to make a num- 
ber of alterations to the Battelle drop tester and to construct some additional compo- 
nents.    The existing drop tester, which was described in the Phase Report, was 
strengthened and more rigidly mounted to the floor to permit drop tests with tire 
spin-up before touchdown,  and tire spin-up and wing lift devices were designed and con- 
structed.    Figure 7 is a photograph of the Battelle drop-test apparatus  showing the 
installation of the tire spin-up and wing-lift devices. 

Tire Spin-Up Device 

The tire spin-up device is capable of spinning up either the  34- or 43-inch- 
diameter high-flotation tire at speeds up to over 75 knots.    An 8-1 / 2-inch-diameter 
aluminum roller, which is belt driven by a Z-horsepower motor,  spins the tire up to 
speed when the roller and tire are brought into contact with one another.    Both the 
roller and motor are mounted on an arm which is pivoted on a stationary frame.    The 
arm is approximately 6 feet long and is pivoted at its mid-point.     The roller is located 
at one end of the arm and can,  therefore,  be positioned to any location on an arc having 
a 3-foot radius.    The unit is so positioned that this arc always intersects the circum- 
ference of the tire being tested,   regardless of the drop height.     To pivot the arm into 
position,  a force is applied to the end of the arm on the opposite side of the pivot from 
the roller.    Before the tire ia dropped the arm is pivoted to a clear position. 

Wing-Lift Device 

Two air springs, which are located on either side of the landing pad and which 
engage the drop-tester carriage, are used to provide wing lift on the Battelle drop 
tester.    They each consist of a cylinder so mounted in a tank that the combination has a 
low ratio of cylinder displacement to total volume.    The total volume of a tank is 5700 
cubic inches.    Each cylinder is  3-5/8 inches in diameter, and each wing-lift piston 
has a maximum stroke of 18 inches.     This  results in a maximum displacement of 186 
cubic inches and a maximum, pressure increase of approximately 3.5 per cent.    Since 
the pressure increase is small, the force on the piston remains  essentially constant 
throughout the piston stroke.    The drop-tester carriage does not engage the pistons 
until after it is dropped a given distance to obtain the desired sinking speed.     By vary- 
ing the pressure in the tanks, the per cent of wing lift can be controlled. 
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Drop-Tester Instrumentation 

In drop tests of the high-flotation landing gear conducted after the Phase Report, 
the following information was recorded: 

(1) Vertical tire deflection 

(2) Vertical acceleration 

(3) Valve position 

(4) Sinking speed 

(5) Rotational velocity of the tire 

(6) Horizontal spin-up force 

(7) Time base. 

A Consolidated 5-116 fourteen-channel recording oscillograph was used to record the 
required information in place of the Consolidated 5-114 eighteen-channel unit that was 
used earlier in the project.     The. chart speed used was  32 inches per second. 

Vertical tire deflection,  vertical acceleration,  valve position,  sinking speed, 
and time base were obtained in the same manner as described in the Phase Report. 
Because valve position was measured with a transducer attached to a rotating member, 
a slip-ring system would have been necessary for completing the circuit between the 
transducer and the recorder in drop tests with tire spin-up.    For this  reason,  valve 
position was recorded in zero spin-up speed tests only.     The rotational velocity of the 
tire was obtained in two manners.    In drop tests with the 750-pound unit,  the rotational 
velocity of the tire was monitored by a tach-generator.    The armature of the tach- 
generator was coupled to and driven by the rotating axle,  and the case was mounted on 
the stationary-axle housing.    In drop tests with the  1500-pound unit,  as no means was 
readily available to mount the tach-generator between the  rotating and nonrotating 
components of the unit,  the tire rotational speed was monitored with a magnetic pickup. 
This magnetic pickup was mounted on the stationary brake housing and so located that 
the teeth on the rotating flange that drives the brake disk interrupted the magnetic field 
and induced a signal in the pickup coil.     By recording these interruptions with respect 
to time,   the average rotational speed of the tire over a given time interval was deter- 
mined.    Horizontal spin-up force was obtained in drop tests with both the 750- and 
1500-pound units by cementing strain gages on the adapters used to mount these units 
to the Battelle drop tester. 

Drop-Test Conditions 

Since the publication of the Phase Report,  extensive drop testing of both the 750- 
and the  1500-pound landing-gear units lias been carried out on the Batteile drop-test 
facility.    Drop tests with the 750-pound unit were conducted to determine what effects 
lower static load,  tire spin-up before touchdown, wing lift, and dash-pot operation have 
on the performance of the unit.    During drop testing of the  1500-pound unit, the  static 
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load, initial tire pressure, sinking speed, valve area, tire spin-up speed, and percent- 
age wing lift were varied to determine their effect on the landing operation and to estab- 
lish an envelope of variable conditions in which successful landings could be made. 

750-Pound Unit 

All of the tests with the 750-pound unit were conducted with a total valve area of 
10.8 square inches.    Static loads of 710,  788,  and 988 pounds were used,  and the initial 
tire pressure ranged from 7 to  llipsig.     The sinking speed was varied from 2-1/2 to 
8-1/4 ft/sec in the 710- and 788-pound static-load tests and from 2-1/2 to 7-3/8 ft/sec 
in the 988-pound static load tests.    Tire spin-up speeds before touchdown of 0,   32,  63, 
and 80 knots were used, and drop tests were conducted with 0,  50,  and 100 per cent 
wing lift.    Drop tests with the dash pot installed were conducted only with zero tire 
spin-up speed and zero per cent wing lift. 

1500-Pound Unit 

During the dr^op testing of the  1500-pound landing-gear unit,  drop tests were 
carried out with,static loads of 920,   1200,  and 1500 pounds..   Sinking speeds  ranging 
from 2-1/2 to 10-1/2 ft/sec were used.    Initial tire pressure was variedifrom 21 to 8 
psig,  and three different valve configurations were used.    Values A and B are similar 
in that they both have directly proportional valve-area versus valve-stroke characteris- 
tics.    Valve A, however, has a larger magnitude of total area than Valve B.    Valve C is 
so programmed that the rate of valve-area opening is low during the first part,  but high 
during the last part of the valve stroke.    A description of the three valves follows: 

(A) The area of Valve A increases at the rate of 24.4 in.   /in;, valve stroke 
and for a 1-in,  valve stroke has a total area of 24,4 in, 2.. 

(B) The area of Valve B increases at the rate of 14,6 in.   /in,  valve stroke 
and for a  1-in,  valve stroke has a total area of 14,6 in, "^ 

(C) The area of Valve C increases at the rate of 9. 2 in. 2/in.  valve stroke 
for the first 3/8-in,  valve stroke and 24,4 in, ^/in.  valve stroke for 
the last 5/8 in.   of valve stroke.    The total area for a 1-in,   stroke 
is  18.7 in. 2. 

Tire spin-up speeds before touchdown of 0,  61, and 78 knots were used, and percentage 
wing lift was varied fronr. zero to 100 per cent. 

750-Pound-Unit Drop-Test Results 

710-Pound Static Load 

As indicated by the increase in the maximum vertical-load factor whenjthe static 
load was reduced from 990 to 780 pounds in earlier tests,  the maximum ver.tical-load 
factor obtained in the drop testa with a static load of 710 pounds was higher für a given 
sinking speed than that obtained in drop tests conducted with a static load of; 7.80 pounds. 
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Vertical-load factor is defined as the ratio of instantaneous vertical load to total static 
weight.    Ail initial tire pressure of 8 p^ig resulted in the best over-all performance of 
the unit with a static load of 710 pounds.    Table 1 is a listing of the maximum vertical- 
load factors obtained in drop tests without tire spin-up and wing lift over the full range 
of static loads and sinking speeds used during the drop testing of the 750-pound unit. 
The maximum vertical-load factor varied from  1,5 in the test with a static load of 990 
pounds, an initial tire pressure of 11 psig and a sinking speed of 2-1/2 ft/sec to 4. 2 in 
the test with a static load of 710 pounds,   an initial tire pressure of 8 psig,  and a sinking 
speed of 8-1/4 ft/sec, 

TABLE 1.    MAXIMUM VERTICAL-LOAD FACTORS OBTAINED IN DROP 
TESTS WITH THE 750-POUND LANDING GEAR 

Aircraft Sinking Maximum Vertical-Load Factor(a)  
Speed, ft/sec 990 Pounds+ 780 Pounds* 710 Pounds* 

2-I/Z 1.5 1,8 1,8 
4-3/4 2.2 2.4 2.5 
6-1/4 2,5 2.8 3,1 
7-3/8 3,0 3,3 3.6 
8-1/4 -- 3.8 4.2 

Note:   Constant axle area of 5.7 in. "^ total valve area of 10.8 In.   i and zero spin-up speed, zero per cent 
wing lift. 

(a)  + - Initial tire pressure of 11 psig for 2-1/2 and 4-3/4 fi/sec sinUlng-speed tests and of 10 psig for 6-1/4 
and 7-3/8 ft/sec sinking-speed tests, 

• • Initial tire pressure of 8 psig for all sinking-speed tests. 

Dash Pot Installed in Series With the 
High-Flotation Landing Gear 

In the drop tests that were conducted with the dash pot installed in series with 
the high-flotation landing gear,  a high shock load was imposed on the unit by the bottom- 
ing of the piston in the dash-pot cylinder.    After the first aeries of drop tests with the 
dash pot installed,  this shock load damaged the miniature ball bearings on the ends of 
the valve push rods in the pressure sensor.     These bearings were replaced with plain 
rollers,  and the dash-pot rate was increased to reduce the bottoming velocity of the 
piston.    A second series of low-sinking-speed drop tests was then conducted with the 
dash pot installed.    Although the performance of the unit appeared to be improved over 
that of the first series of tests with the dash pot installed,  it was evident that to gain a 
more complete and reliable insight into the functioning of a dash pot in series with the 
high-flotation landing gear,  it would be necessary to construct a more refined dash pot 
or  "oleo" strut and to conduct a comparatively extensive drop-test program.    It was 
considered that this course of action should not be followed at that particular time in the 
research program since it would seriously delay the achieving of the project objectives, 
the design,  development,  and determination of the operating characteristics and energy- 
dissipation capabilities of the high-flotation-tire venting system.    It is not to be inferred 
from the above discussion that satisfactory operation cannot be obtained with the use of 
a dash pot or oleo strut in series with the high-flotation landing gear. 
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Drop Tests Conducted With Tire. Spin-Up 

Table 2 shows the values obtained for the maximum vertical-load factor and maxi- 
mum spin-up load at various  combinations of sinking speed and tire  rotational speed for 
the drop tests conducted at static loads of 788 and 988 pounds and initial tire pressures 
of 8 and 10 psig,   respectively.    In the drop tests  conducted with a static load of 788 
pounds and an initial tire pressure of 8 psig, the maximum vertical-load factors ranged 
from  1. 8 at a sinking speed of 2-1/2 ft/sec and tire rotational speeds of 32 and 63 knots, 
to 4. 1 at a sinking speed of 8-1/4 ft/sec and a tire rotational speed of 63 knots.    The 
maximum spin-up load of 1400 pounds occurred at a sinking speed of 8-1/4 ft/sec and a 
tire rotational speed of 63 knots.    The maximum vertical-load factor attained in the 
drop tests conducted with a static load of 988 pounds and an initial tire pressure of 10 
psig ranged from  1.6 at a sinking speed of 2-1/2 ft/sec and a tire rotational speed of 32 
and 63 knots to 3. 3 at a sinking speed of 7-3/8 ft/sec and a tire rotational speed of 32 
knots.    The maximum spin-up load of 1340 pounds occurred at a sinking speed of 6-1/4 
ft/sec and tire rotational speeds of 63 and 80 knots. 

The maximum spin-up load attained in the drop tests with a tire rotational speed 
of 63 knots was higher than that attained at a tire rotational speed of 32 knots.    In most 
cases there was little difference between the maximum spin-up load attained at 63 knots 
and that attained at 80 knots.    It is interesting to note that,  in the drop test with a static 
load of 988 pounds,  an initial tire pressure of 10 psig,  and a sinking speed of 4-3/4 
ft/sec, the maximum recorded spin-up load at a tire rotational speed of 63 knots was 
1250 pounds while the spin-up load was only  1070 pounds at a tire rotational speed of 
80 knots.    The reason for this behavior is not known. 

Drop Testa Conducted With Wing Lift 

Table 3 shows the effect of initial tire pressure and wing lift on the maximum 
vertical-load factor.    The maximum load factors listed are the total load factors applied 
to the drop-tester carriage and are equal to the sum of the wing lift and tire loads.    In 
the tests with wing lift,  the maximum load factor attained at the lower initial tire press- 
ures was, in all cases,  slightly lower than that attained at higher pressures.    It is not 
practical, however, to reduce the initial tire pressure below the test values, because 
the small reduction in the maximum load factor that ia realized is more than offset by 
the greater tire deflection required to arrest the vertical velocity. 

The maximum load factor did not vary appreciably between the tests conducted at 
50 and 100 per cent wing lift.    The drop tests with 0 per cent wing lift were conducted 
at an earlier date than those with 50 and 100 per cent wing lift and have different sinking 
speeds than the drop tests with wing lift.    The maximum load factor attained in the tests 
with wing lift was greater than that attained in tests at comparable sinking speeds with- 
out wing lift.    However, the maximum load carried by the high-flotation tire was 
smaller in the tests with wing lift than in the tests without wing lift. 

The wing-lift cylinders  continued to apply wing lift to the unit after the landing 
impact.    This continued application of the wing-lift force after the energy-dissipation 
cycle ca\ised the tire to leave the ground in the tests with 100 per cent wing lift.    The 
highest such bounce was 3 inches and occurred at a static load of 788 pounds,  an initial 
tire pressure of 10 psig,  and a sinking speed of 8 ft/sec. 
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TABLE 2.    MAXIMUM VERTICAL-LOAD FACTOR AND SPIN-UP LOAD FOR DROP 
TESTS OF THE 750-POUND UNIT CONDUCTED WITH TIRE SPIN-UP 

Maximum Ver tical -Load Factor Maximum Spin-Up Load,  lb. 
Aircraft Sinking at Indicated Spin-Up Sp eed at Indicat ed Spin- Up Speed 

Speed,  ft/ sec 0 Knots 32 Knots 63 Knots 80 Knots 32 Knots iS Knots 80 Knots 

Static Load of 788 Pound 3, Initi al Tire Pressure of 8 Psig 

2-1/2 1.8 1.8 1.8 500 800 
3-3/4 -- 2. 0 1.9 -- 1100 1100 
4-3/4 2.4 2.4 2.3 2.4 900 1100 1200 
6-1/4 2.8 2.9 2.9 2.9 930 1310 1300 
7-3/8 3.3 3.3 3.4 3.5 1010 1300 1250 
8-1/4 3.8 4.0 4.1 3.8 1200 1400 1370 

Static Load of 988 Poundt ,  Initial Tire Pressure of 10 Psig 

2-1/2 l,45(a) 1,6 1.6 650 900 
3-3/4 -- -- 2.0 2.0 1075 1100 
4-3/4 2. 15(a) 2.3 2.2 2. 1 890 1250 1070 
6-1/4 2.5 2.8 2.8 2.9 1000 1340 1340 
7-3/8 

.....~- ...... . ^r.  r 

3.0 3.3 
mtmm -■r.=s:i-j'-*:^ir- 

3.2 3. 1 1180 1310 1300 

2 o Nole;   Constant axle area of 5. 7 in.   ; total valve area of 10. 8 in.'; and zero per cent wing lift, 
(a)   Eleven psig. 
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1500-Pound-Unit Drop-Test Results 

As in the drop testing of Lhc 750-pound unit, the initial drop tests of the 1500- 
poLUid unit were made at the recommended initial tire pressure of 17 psig.    During 
these tests the impact energy was effectively dissipated,  and even though there was 
some oscillation of the landing gear present after the landing,  the unit did not oscillate 
severely or bounce off of the landing pad as was encountered in the early drop tests with 
the 750-pound unit.     Upon examination of the recorded data,  however,   it was found that 
the maximum vertical-load factor obtained in these tests was higher than anticipated. 

Effect of Initial Tire Pressure on 
Maximum Vertical-Load Factor 

To reduce the magnitude of the maximum vertical-load factor,  drop tests were 
conducted with lower initial tire pressures.    Figure 8 is a graph of maximum vertical- 

Iload factor versus initial tire pressure obtained with Valve A for various combinations 
of sinking speed and static load.     These results  show that,  at the higher sinking speeds, 
the maximum vertical-load factor was substantially reduced by employing lower initial 
tire pressure.    In the case of the landing with a 920-pound static load and a sinking 

I speed of 7-1/4 ft/sec,  the maximum vertical-load factor was  reduced from 5.0 to 3.7 
when the initial tire pressure was reduced from 21 to 9 psig.    As in the case with the 
750-pound unit,  however,  a practical minimum pressure was  reached,  below which 
successful higher sinking-speed landings were not possible because the tire was no 
longer capable of supplying enough impulse to stop the descent of the carriage in the 
available tire deflection. 

The effect of initial tire pressure was not so noticeable at the lower sinking 
speeds.    In the drop tests conducted with a static load of 920 pounds and a sinking speed 
of 2-1/2 ft/sec,  there was essentially no change in the maximum vertical-load factor 
as the initial tire pressure was varied from 21 to 9 psig.    It is interesting to note that, 
in the drop tests conducted with a static load of 1520 pounds,  the maximum vertical- 
load factor obtained in the lower-sinking-speed landings itctually began to increase 
again as the initial tire pressure was lowered below  13 psig.     This  resulted from the 
fact that,  in the drop testa conducted with a high static load and with low sinking speed 
and initial tire pressure, a sufficient impulse was not applied to the unit to bring it to 
a stop before the tire bleed valve closed.    The maximum vertical-load factor in these 
drop tests occurred after the valve had closed and was higher than the highest load that 
occurred while the valve was open. 

Effect of Valve Area and Programming 
on Maximum Vertical-Load Factor 

The results obtained in drop tests with the three tire bleed valves were fairly 
similar.     There was a small increase in maximum vertical-load factor as the total 
valve area was reduced,  but this increase was not as great as might have been expected. 
When the valve area was reduced 5.7 square inches from the 24.4 square inches of 

»Valve A to the  18.7 square inches of Valve C,  the maximum vertical-load factor ob- 
tained in drop tests conducted under the same conditions increased by only one to two 
tenths.     Further reduction in valve area,  however,   caused the maximum vertical-load 

I BATTELLE MEMORIAL INSTITUTE 



24 

6.0 

5.0 

4.0 

o 
o 

LL 

-o   30 
o 
o 
_J 

E 
E 
X 
o 2.0 

0-0 

-1.0 

43-inch-diQinetcr tire 
Volue A, total area 24.4 in.! 

Zero   spin-up  speed 

Zero   per cent   wing list 

  920-lb   static   load |520-lb static   load 

O      2-^-   /sec sinking speed      V   2^    /sec sinking speed 

A      5^-   /sec sinking speed      k]   52   /sec sinking speed 

D      7j '/sec sinking speed      X   7j   /sec  sinking   speed 

13 17 

Initial   Tire    Pressure, psig 

21 25 
A-31960 
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MAXIMUM VERTICAL LOAD FACTOR 
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factor to increase at a slightly faator rate.    When the valve area was  reduced an addi- 
tional 4. 1 square inches by replacing Valve C with Valve H^  which had a total of 14,6 
square inches, the maximum vertical-load factor increased by one to three tenths. 
This seernö to indicate that the iuLernal axle area of  17.4 square inches,  which is the 
same for all three valves,  and Ihe  resistance to air flow encountered in turning the air 
90 degrees at the end of the axle limit the flow of air from the tire sufficiently to 
reduce the effectiveness of valve programming on the  ISOO-pound unit. 

Valve B was  eliminated from the testing program after the first sequence of tests 
because of the higher maximum vertical-load factors achieved with it.    Continued test- 
ing with Valves A and C indicated that the best over-all performance of the unit with 
Valve A installed was obtained with an initial tire pressure of 12 psig for a static load 
of 1500 pounds and  10 psig for a static load of 1200 pounds.    With Valve C installed,  the 
best over-all performance was obtained witli an initial tire pressure of 11 psig for a 
static load of 1500 pounds  and 9 psig for a static load of 1200 pounds.    Since the initial 
tire pressure used with Valve C was lower than that used with Valve A,  the maximum 
vertical-load factor obtained in drop tests with the two was almost identical,  even 
though Valve A had a larger area.     Valve C was chosen to be installed in the unit during 
the flight tests because its  smaller area would probably result in slightly better per- 
formance than that achieved with Valve A at sinking speeds below 2-1/2 ft/sec. 

Drop Tests Conducted With Tire Spin-Up 

The results obtained in the tests conducted with tire spin-up to 61 and 78 knots 
were in good agreement with those obtained with zero spin-up speed.    Table 4 shows the 
values obtained for the maximum vertical-load factor and maximum spin-up load at 
various combinations of sinking speed and tire rotational speed for the drop tests con- 
ducted at static loads of 1200 and 1500 pounds and initial tire pressures of 9 and  1 1 psig, 
respectively.     The maximum vertical-load factor obtained at the higher sinking speeds 
was slightly greater in the tests conducted with tire spin-up than in the tests conducted 
without tire spin-up.    In the drop tests conducted with a static load of 1500 pounds, an 
initial tire pressure of 11 psig,  and a sinking speed of 7-1/4 ft/sec,  the maximum 
vertical-load factor increased from 2,7 in the drop test with zero spin-up speed to 
3. 1 in the drop test with a spin-up speed of 61 knots.    At the lower sinking speeds, 
however,  there was no noticeable difference in the maximum vertical-load factor 
attained in the tests with and  without tire spin-up. 

The maximum spin-up load obtained in the drop testa with tire spin-up was  2400 
pounds.    It occurred in the test conducted with a static load of 1500 pounds,  an initial 
tire pressure of 11 psig,  a sinking speed of 10-1/2 ft/sec,  and a tire spin-up speed of 
78 knots.     There was little difference in the maximum spin-up load obtained in tests 
conducted at spin-up speeds of 61 and 78 knots. 

Drop Tests Conducted With W mg Lift 

I 

Table 5 shows the effect of wing lift on the maximum vertical-load factor obtained 
in drop tests conducted at various  sinking speeds and tire spin-up speeds.    As in the 
case of the results  listed for the drop tests of the 750-pound unit with wing lift,   the 
maximum vertical-load factors listed are the total-load factors applied to the drop- 
tester carriage and are equal to the sum of the wing lift and tire loads.    The maximum 
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TABLE 4.    MAXIMUM VERTICAL-LOAD FACTOR AND MAXIMUM SPIN-UP LOAD 
OBTAINED IN DROP TESTS OF THE 1500-POUND UNIT CONDUCTED 
WITJI TIRE SPIN-UP 

Maximum Spin-Up 
Maximum Vertical-Load Factor Load,  lb,  at Indicated 

Aircraft Sinking  at Indicated Spin-Up Speed   Spin-Up Speed 
Speed,  ft/sec 0 Knotü 61 Knots 78 Knots 61 Knots 78 Knots 

Static Load of 1Z00 Pounds, Initial Tire Pressure of 9 Psig 

2-1/2 1.7 
3-1/4 -- 1.8 
7-1/4 3.1 3.1 

10-1/2 4.2 4.4 

Static Load of  1500 Pounds, Initial Tire Pressure of 11 Psig 

2-1/2 i;8 
3-1/4 -- 1.7 
7-1/4 2.7 3.1 

10-1/2 4.0 4. 1 

Note:   Coiutut axle area of 17.4 in.'; Valve C,  total area 18.7 in.'; and zero per cent wing lift. 

1.8 1100 1050 
3.0 2000 1900 
4.4 2200 2300 

1.8 1350 1350 
2.9 1900 1900 
4,0 2350 2400 
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TABLE 5.    EFFECT OF WING LIFT AND TIRE SPIN-UP ON MAXIMUM VERTICAL- 
LOAD FACTOR OBTAINED IN DROP TESTS OF THE 1500-POUND UNIT 

Aircraft Sinking 
Speed,  ft/sec 

Tire Sp in -Up Wing Lift, 
Speed, knots per cent 

0 0 
50-40(a) 

100-80(a) 

61 0 
50-40 

100-80 

0 0 
50-40 

100-80 

61 0 
50-40 

100-80 

0 0 
50-10 

100-80 

61 0 
50-40 

100-80 

Maximum Vertical-Load Factor 
Static Load,  lb:   1200       1500 

Initial Pressure, psig:      9 11 

• 

2-1/2 

3-1/4 

7-1/4 

1.7 1.8 
1.9 1.7 
1.7 1.7 

1.8 1.7 
2.0 2.4 
2.0 2.1 

10-1/z 

3.1 
3.2 
3.2 

3. 1 

3.1 

4,2 
4,3 
4.4 

2,7 
2.9 
3.0 

3.1 
3,1 
3,0 

4,0 
4.0 
4, 1 

4.4 4.1 
4.3        4.5 
4.2        4.2 

Note:   Constant axle area of 17.4 in. ^ and Valve C, total area 18. T in. 
(a)   The 1200-pound static-load tests were conducted with 50 and 100 pet cent wing lift, and the 1500-pound static-load tests 

were conducted with 40 and 80 per cent wind lift. 
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vertical-load factor for the testu  conducted at constant Hinking speed and static weight 
was not substantially affected by varying the percentage wing lift or spin-up speed. 

In some instances the total maximum vertical-load factor was leas  in the teats 
conducted with wing lift than in the tests  conducted without wing lift.    In the tests  con- 
ducted at a sinking speed of 10-1/2 ft/sec,  a static load of 1200 pounds,  and a tire spin- 
up speed of 61 knots,  the maximum vertical-load factor obtained with zero per cent wing 
lift was 4.4,  and that obtained with 100 per cent wing lift was 4. 2.    Even in the tests in 
which the maximum vertical-load factor obtained with wing lift was higher than that ob- 
tained without wing lift,  the maximum load carried by the high-flotation tire was less in 
the tests with wing lift than in the tests without wing lift. 

The continued application of the wing-lift force by the wing-lift cylinder» after the 
energy-dissipation cycle,  in addition to the vertical load carried by the high-flotation 
tire,  caused the drop-tester carriage to be accelerated upward after the landing impact. 
In the drop tests conducted with a static load of 1200 pounds and 100 per cent wing lift, 
the upward impulse applied to the carriage was sufficient to cause the tire to lose con- 
tact with the landing pad and the carriage to lose contact with the wing-lift cylinders. 
The carriage rose to a maximum height of 2-1/2 inches above the wing-lift-cylinder 
contact point in the test conducted at a sinking speed of 10-1/2 ft/sec.    The carriage did 
not lose contact with the wing-lift cylinders in any of the tests conducted with a static 
load of 1200 pounds and 50 per cent wing lift.    Except for the test conducted at a sinking 
speed of 10-1/2 ft/sec and SO per cent wing lift, the carriage did not lose contact with 
the wing-lift cylinders in any of the tests conducted with a static load of 1500 pounds. 

Optimum Operating Conditions and Range of Sinking 
Speeds for the  1500lpound Unit 

The best performance of the   1500-pound unit over the full range of sinking speeds 
was  obtained with Valve C and an initial tire pressure of 9 psig for a static load of 1200 
pounds and an initial tire pressure of 11 psig for a static load of 1500 pounds.    Landings 
at all sinking speeds from 2-1/2 to  10-1/2 ft/sec were successful under these condi- 
tions.    Figure 9 shows a graph of the maximum vertical-load factor versus sinking 
speed for drop tests conducted under these conditions without tire spin-up and wing lift. 
Except for the tests at extremely low sinking speeds,  the maximum vertical-load factor 
was  slightly less in the tests conducted with a static load of 1500 pounds than in those 
with a static load of 1200 pounds. 

Figures   10,   11,  and 12 show the landing dynamic characteristics of the 43-inch- 
diameter high-flotation tire for drop tests conducted with an initial tire pressure of 11 
psig,  a static load of 1500 pounds.  Valve C,  zero tire spin-up speed,  and zero per cent 
wing lift at sinking speeds of 2-1/2,  7-1/4,  and 10-1/2 ft/sec,  respectively.    The 
oscillation of the tire after valve operation, which is dependent on the energy remaining 
in the  system,  varied from around 4 inches peak to peak at a sinking speed of 2-1/2 
ft/sec to around  1-5/8 inch peak to peak at a sinking speed of 10-1/2 ft/sec.    A maxi- 
mum vertical-load factor of 4.0, which was the allowable design maximum for tho gear, 
was achieved in the  10-1/2 ft/;iec landing. 
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Final Tire Pressure 

The final tire pressure obtained in drop tests with the   1500-pound unit was 
affected by sinking speed and by tire spin-up.    Final tire pressure decreased with in- 
creasing sinking speed and was approximately  1/2 psig higher in the low-sinking-speed 
drop tests with tire spin-up than in the drop tests without tire spin-up.    The increase of 
final tire pressure with tire spin-up became less  significant as the sinking speed in- 
creased.    In the drop tests conducted with a static load of  1200 pounds, a tire spin-up 
speed of 6l knots,  and sinking speeds  ranging from 2-1/4 to 7-1/4 ft/sec, the final tire 
pressure ranged from 2.5 to 3,9 psig with the final tire pressure increasing with de- 
creasing sinking speed.    In drop tests  conducted under the  same conditions without tire 
spin-up, the final tire pressure ranged from 2. 2 to 3.4 psig. 

One of the reasons for this variation in final tire pressure ia the difference in tire 
deflection at the instant of valve closure.    As the tire deflection at the instant of valve 
closure increases, the mass of air retained in the tire decreases and the final equilib- 
rium pressure decreases.    Figure  13 is a sequence of photographs of the 43-inch- 
diameter high-flotation tire wit»! various combinations of static load and tire pressure. 
At a tire pressure of 3 psig,  the tire is  still creased when supporting a load of 1500 
pounds,  but is not creased when supporting a load of 1200 pounds.    It requires a tire 
pressure of approximately 3-1/2 psig to prevent creasing of the 43-inch-diameter high- 
flotation tire when it is  supporting a static load of 1500 pounds. 

CONCLUSIONS 

The conclusions that can be drawn from the test results are: 

(1) Both the 750- and  1500-pound static-load high-flotation landing gears 
are capable of successfully dissipating the landing-impact energy of 
aircraft under laboratory drop-test conditions. 

(2) The high-flotation landing-gear system is capable of successful labora- 
tory operation with both tire spin-up and wing lift and is not sub- 
stantially affected by either. 

(3) The present 43-inch-diameter tire unit functions with a maximum 
vertical-load factor of four or less at sinking speeds as high as 
10-1/2 ft/sec with an initial tire pressure of 11 psig,  a static load 
of 1500 pounds.  Valve C,  zero tire spin-up speed,  and zero per cent 
wing lift. 

(4) It is possible to fold the 43-inch-diameter high-flotation tire into 
a helical bellows in the manner in which the 34-inch-diameter tire 
has been folded. 
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FUTURE WORK 

Immediate Future 

At the present time and in the immediate future,  Fairchild will conduct flight test- 
ing of the 1500-pound static-load high-flotation landing gear mounted on the L-19 air- 
craft.    Fairchild should consult with Battelle on any problems that occur during this 
flight-test program.    To make this possible,  Battelle has submitted to Fairchild,  at 
their request,  a proposal for an expansion of the present research program.    Under this 
expanded program, Battelle would be authorized to provide technical assistance to 
Fairchild during the flight testing and demonstrations of the high-flotation landing gear 
for the period July 31 through December 31,   1959. 

During the testing of the 1500-pound landing-gear unit, full advantage could not be 
taken of valve programming because the air flow seemed to be limited by the internal 
axle area of 17.4 square inches and by the resistance to air flow encountered in turning 
the air 90 degrees at the end of the axle.    A better insight as to how the unit might 
operate with less resistance to air flow could be obtained with the present unit by re- 
ducing the volume of air to be bled from the tire during a landing.    This could be 
accomplished by installing a flexible torus, capable of withstanding an inflation pressure 
of about 25 psig with negligible volume change, inside of the high-flotation tire.    The 
Inflated torus would retain the air inside of it and would reduce, by its volume, the 
volume of air that must be bled down during the landing.    Such a torus has already been 
obtained by Fairchild,  and drop testing to determine its performance capabilities could 
be conducted oh the Battelle drop tester. 

Future Component Design 

The next logical step in the high-flotation landing-gear program is the design and 
development of an operational unit for use on a specific aircraft.    While an operational 
unit will have to perform the same functions as the present laboratory and flight test 
unit,  it will be necessary to make extensive component changes to simplify their design 
and to make the unit more applicable to operation under field conditions.    The following 
component-design suggestions are made with this consideration in mind. 

Bleed-Valve Design 

In an operational unit, it would probably be desirable to have the tire bleed valve 
located internally rather than externally as it is in the present unit.    This would reduce 
the possibility of the valve being damaged by striking an object during landing or take-off 
and would decrease the resistance to air flow by eliminating the necessity of turning the 
air at the outboard end of the axle.    The valve configuration itself could take many 
forms.    A sleeve valve similar to the one presently being used could be located inter- 
nally by mounting the valve sleeves on the inboard side of the tire flange before the tire 
is wound on it,    A pressure-balanced poppet-type valve appears to be attractive, 
especially if actuated in an inboard rather than an outboard direction. 
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Component Alterationa Necessary for 
Inboard Valve Actuation 

To actuate the tire-bleed valve ii   the inboard direction, minor changes would be 
required in the design of the load-sensing cylinder and pressure sensor.     The only 
change necessary in the design of the load-sensing cylinder would be the reversal of the 
stepped shaft.    If the larger diameter of the stepped shaft entered the load-sensing 
cylinder on the inboard,   rather than the outboard side,  the stepped shaft would be 
actuated in the inboard direction when a load was applied to the large piston. 

Except for the design of the spacer block,  the design and actuation of the pressure 
sensor could remain essentially as it is.    Figure  14 shows the variation in the design of 
the pressure-sensor spacer block for use with a tire bleed valve actuated in either the 
outboard or inboard direction.    For a valve actuated in the outboard direction,  the 
spacer block holds  the valve "push" rods apart during valve actuation and reduces their 
effective length by a distance, x, when the pressure sensor disengages.     Foi  a valve 
actuated in the inboard direction,  the spacer block would hold the valve "pull" rods 
together during valve actuaion and would increase their effective length by a distance, 
x,  when the pressure sensor disengaged. 

Load- and Pressure-Sensor Cylinder 

In the present unit,  the closing of the tire bleed valve when a given minimum tire 
pressure is reached is accomplished by the removal of a spacer block from the valve 
push-rod assembly to shorten the effective length of the assembly.     This spacer block 
could be eliminated and the same method of valve closing could be retained by the re- 
moval of the hydraulic link in the load-sensing cylinder from the valve push-rod 
assembly.    Figure  15 is a schematic sketch of a proposed load- and pressure-sensor 
cylinder.     The operation of the cylinder would be as follows: 

(1) With the landing gear in the extended position, the weight of the tire 
and axle would pull the large piston to the top of the cylinder. 

(2) The gas, which would be separated from the hydraulic  fluid by a 
bladder or membrane in the lower accumulator chamber, would 
expand and force the hydraulic fluid through the control spool 
valve into the upper chamber. 

(3) When the tire pressure reached the pressure-sensor cocking pressure, 
the control valve would be actuated to the engaged position and would 
close off the upper chamber from the lower accumulator chamber. 

(4) Upon landing, the closed-off upper chamber would perform in the same 
manner that the present load-sensing cylinder does and the tire bleed 
valve  would   be actuated. 

.   (5)    When the tire pressure dropped to the pressure-sensor disengaging 
pressure, the control valve would be actuated to the disengaged 
position,  as shown in Figure  15,  and the upper chamber would again 
be open to the lower accumulator chamber. 
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FIGURE   15.    PROPOSED LOAD- AND PRESSURE-SENSOR CYLINDER 
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(6)    The hydraulic fluid in the upper chamber would be forced into the 
accumulator chamber,  compressing the gas bladder.    The larger 
diameter portion, of the stepped shaft would be pulled back into the 
cylinder by the push-rod spring,  thus closing the tire bleed valve, 
and the vertical load on the large piston would force it into the 
cylinder until it bottomed on a stop. 

The area of the control valve would have to be large enough to permit the hydraulic 
fluid displaced in the upper cylinder by the bottoming of the large piston and by the re- 
entrance of the larger portion of the stepped shaft to flow into the accumulator chamber 
in from 0. 01 to 0. 02 of a second.    To reduce and to maintain at a fairly constant value 
the force required to actuate the control valve, it would probably be beneficial to use 
an extremely low clearance, metal-to-metal fit on the sealing surfaces of the control 
valve.    Such an arrangement would permit a small amount of leakage, but since the 
upper cylinder would be pressurized for only a fraction of a second during valve actua- 
tion, a small amount of leakage could be tolerated.    At the point where the control- 
valve shaft emerges from the accumulator chanrber a low-pressure,  low-friction, 
zero-leakage seal could be used. 

The control valve could be actuated in a number of ways.    One method would em- 
ploy the bellofram-piston and cam straps that are presently used.    In this system the 
control valve could simply replace the U-shaped, pressure-sensing guide block and 
could be actuated by the cam strap in the same manner that this block presently is. 
Another method would be to actuate the control valve by a small solenoid which could be 
energized by a pressure switch or switches located in the tire. 

In the design of any future load-sensing cylinders, attention should be given to the 
cushioning of the stepped shaft and large piston when they bottom on their respective 
stops,    A neoprene seat is provided on the stepped shaft stop of the present unit, but a 
shock load is still applied in both the axial and vertical directions when the stepped shaft 
bottoms on this stop,, 

I|ii|ii|ii^a|ca|t%i|ci|(i|i)|ii|i4i4i 

A record of all technical work performed on this project appears in Battelle 
Memorial Institute Laboratory Record Books   13510,   13511,   14103,  and 15296. 

WFP:RDF:JHB:CWR:JAH:JEV:RJM/mmk 

I BATTELLE MEMORIAL INSTITUTE 



FAIRCHILO   AIRCRAFT  ANO   KVIISSILES   OiUISION 

HAGERSTOWN    10, MARYLAND 

SUBJ ECT. INITIAL.   Fl IGHT TFSTS 

HIGH  FLOTATION   LANDING GFAR 

REVISi ONS 

REVISION DATE PAGES AFFECTED APPtOVED 

April 1A, I960 i,  vli,  viii,  1, 2, 3,  5, 6,  12,  23, 
95*  added 6a,  83at 96. 

Revised prior to release to include 
additional data. 

■ 

PREPARED BY 

CHECKED BY 

APPROVED   BY 

APPROVED BY 

APPROVED BY 

PFPDPT NH FT2-45-1 

MODEL   ___ M-2A5B 

rnpv wn 

NO. OF PAGES 96 

DATF     . 
January 22, I960 

HS-800-69B 



I   REPORT HO,    FT245-1 FAIRCHILD   Aircraft   and   MlaaTToe   Dlv. 
Of  FAIRCHILD ENGINE • AIRPLANE  CORPOHATION 

M-2^5B 
PREPARED   BY CKECtED   BY 

SUBJECT: INITIAL FLIGHT TESTS,   HIGH FLOTATION LAMPING GEAR 

PAGES PAGE        i 

APF'ROVFD   BY 

DATE   January 22,  i960 

REVISED    April 14.   I960 

TABLE OF CONTENTS 
Pace 

LIST OF FIGURES  ii 

LIST OF TABLES  viii 

LIST OF PHOTOGRAPHS  vili 

I.  INTRODUCTION 0  1 

II.  SUMMARY AND CONCLUSIONS  , , 1 

A. General Conclusion.-?   1 

B. Detailed Test Results  .•••.....•....• 3 

III.  DISCUSSION  7 

A. Background „.... 7 

B. Test Comments  11 

lo Original L-19A Configuration with 
Standard Gear  ,  11 

2. H-2A5  Landing Gear (Simplified Inflation 
System)  , o.... 12 

3o M-2A5 Landing Gear, Complete Inflation 
System , „ „ , 1^ 

C. Description of Test System 0.0.... 17 

1. Original Landing Gear  17 

2. M-2A5B Landing Gear (Simplified Inflation 
System)   17 

3. M-245B Landing Gear (Flight Test System)... 17 

A.    Operation of the Flight Test System, 
Typical  19 

D. Instrumentation 0 20 

E. Tire Folding Test Apparatus  , 23 

IV.  REFERENCES   23a 

IS -800-23A 



FfFPORT  NO       n          FAIRCHILD   Aircraft   and   Misslloa   D\v. 
' 'FT24-5-1                                  ill..   HMD    (HGINf     »    »IRfltSf     CORPORATION PAdcS PAGE     li 

M-2A5B 
■ R(    \yi!)  u\ i ill--  K; 1     I"! A ? i 'i.. '. i. ■- r ■■■ 

DATE   January 22,  I960 

■,UBJECr:^      INITIAL- FLIGHT TESTS, HIGH FLOTATION LANDING GEAR REVISED 

* 

LIST OF FIGURES 

OBSTACLE DATA (ORIGINAL TIRE AND GEAR) 

Figure 1     Effect of Ground Speed on Verticfil Load ,.. 

Figure 2     Effect of Ground Speed on Drag Load   

Figure 3     Effect of Ground Speed on Aircraft 
Accelerations   

Figure A Effect of Ground Speed on Side Load   

Figure 5     Effect of Ground Speed on Torsion (Drag) 
Load   

mmifl Mfli iauamit IM m ana) 
Figure 6     L-19A Landing Tests, Original Tire and 

Landing Gear (Sinking Speed Vs. G.G. Load 
Factor, L. Gear Initial Drag and Vertical 
Loads)  

Figure 7     Original Tiro and Gear Landing Load Time 
History   

OBSTACLE DATA (HIGH FLOTATION TIRE AND GEAR) 

Figure 8     Effect of Obstacle Height, Ground Speed and 
Tire Pressure on Springback Drag Loads 
(2-1/8 end A-l/A  Inch Obstacles)   

Figure 9     Effect of Obstacle Height, Ground Speed and 
Tire Pressure on Springback Drag Loads 
(6-3/8 and 8 Inch Obstacles)   

Figure 10    Effect of Ground Speed and Tire Pressure on 
Drag Strut Axial Loads Over 2-1/8 Inch 
Obstacles <>.... 

Figure 11    Effect of Ground Speed and Tire Pressure on 
Drag Strut Axial Loads Over A-l/A  Inch 
Obstacles   

Pag£ 

u 
25 

26 

27 

28 

29 

30 

31 

32 

33 

U 

A-^00-?3A 



REPORT   NO.pi>2^5-fr AIRCHILD   Aircraft   nnc!   Mlssllos   Olw. 
'^     'AIRTMUD    FKoINf     «    AIRPLiNf     CORPORATION 

M-2A5B 

t 
fe   xn-:-  in tlK Ki i    t- > 

PAGfS     PAGE     iü 

11BJrcr:-  INITIAL FLIGHT TESTS. HIGH FLOTATION LANDING GEAR 

DATF January 22^ 1960 

REVISED   

OBSTACLE DATA 

Figure 12 

Figur« 13 

Figure 1A 

Figure 15 

Figure 16 

Figure 17 

Figure 18 

Figure 19 

Figure 20 

LIST OF FIGURES - continued 

(HIGH FLOTATION TIRE AND GEAR) 

Effect of Ground Speed and Tire Pressure 
on Drag Strut Axial Loads over 6-3/8 
Inch Obstacle   

Effect of Ground Speed and Tire Pressure 
on Drag Strut Axial Loads over 8 Inch 
Obstacle  °  

Incremental Drag Strut Axial Load Vs. Tire 
Pressure at Various Ground Speeds over 
2-1/8 Inch Obstacle   

Incremental Drag Strut Axial Load Vs. Tire 
Pressure at Various Ground Speeds over 
4-l/A Inch Obstacle   

Incremental Drag Strut Axial Load Vs. Tire 
Pressure at Various Ground Speeds over 
6-3/8 Inch Obstacle   

Effect of Ground Speed and Tire Pressure on 
Vertical Link Axial Load over 2-1/8 Inch 
Obstacle  

Effect of Ground Speed and Tire Pressure on 
Vertical Link Axial Load over U-l/U  Inch 
Obstacle   

Effect of Ground Speed and Tire Pressure on 
Vertical Link Axial Load over 6-3/8 Inch 
Obstacle   

Effect of Ground Speed and Tiro Pressure on 
Vertical Link Axial Load over 8 Inch 
Obstacle   

Pe^g 

35 

36 

37 

38 

39 

40 

a 

^2 

A3 

1 2 3 A 



oroftDT   un—      .   „FAIRCHILD   Alrcr-a^t   and   Missiles   Dlw. 
REPORT    ^.FT2^5-1                    i»     r.l,   HILD    FHG1N.    »    ^«PLAN.     CORPO»AT10N PAüt 5 PAGE iv 

M-2^5B 
i'Rf   »Km i'i ( Ht.(   Kl i     I > .-. r ;w .  V '  ■     PV 

SUBJECT:-        INITIAL FLIGHT TESTS.  HIGH FLOTM'ICN LAUDING GEAR 

DAT?   January 22, 

REVISED 

I960 

LIST OF FIGURES - continued 

Page 

QffffAPLS ffATA 

Figure 21 

Figure 22 

Figure 23 

Figure 24 

Figure 25 

Figure 26 

Figure 27 

Figure 28 

Figure 29 

Figure 30 

Figure 31 

ÜUtt fWATJig« TffiB AMP QfiAR) 

Effect of Ground Speed and Tire Pressure 
on Aircraft Accelerations over 2-1/8 
Inch Obstacles       44 

Effect of Ground Speed and Tire Pressure 
on Aircraft Accelerations over 4-1/4- 
Inch Obstacles ,      45 

Effect of Ground Speed and Tire Pressure 
on Aircraft Accelerations over 6-3/8 
Inch Obstacles      46 

Effect of Ground Speed and Tire Pressure 
on Aircraft Accelerations over 8 Inch 
Obstacles      47 

Time History of Typical Taxi over Obstacle 
(2-1/8 Inch Obstacle, 2.7 psi Tire Press)...     48 

Time History of Typical Taxi over Obstacle 
(2-1/8 Inch Obstacle, 3.6 psi Tire Press)...     49 

Time History of Typical Taxi over Obstacle 
(2-1/8 Inch Obstacle, 4.9 psi Tire Press)...     50 

Time History of Typical Taxi over Obstacle 
(2,1/8 Inch Obstacle, 5.9 psi Tire Press)...     51 

Time History of Typical Taxi over Obstacle 
4-1/4 Inch Obstacle, 2.7 psi Tire Press)...      52 

Time History of Typical Taxi over Obstacle 
(4-1/4 Inch Obstacle, 3.6 psi Tire Press)...     53 

Time History of Typical Taxi over Obstacle 
(4-1/4 Inch Obstacle, 4.9 psi Tire Press)...     54 

■ 



1    RFP0S7   NO woye   TFAIRCHILD   Aircraft   and    Mlssll«»   Dlv 
' J-iri4/t2~M                      .     FAIRCHILD    tN^INE    »    A i R F L 1N (     CORPOR* T 1 ON PAGES PAGE 

V 
M-245B   j    ,'Rt  ^,  BY . nt. >..■■,    i ; MTBnv F n i ■; 

i  SUBJECT:-      INITIAL FLIGHT TESTS.  HIGH FLOTATION LANDING GEAR 

DATf   Janiiar^ 22, I960 

REVISED 

LIST OF FIGURES - continued 

ppsTAgM PATA Üaa PflMPfll Tlfi^ /WP QB&P) 

Figure 32    Time History of Typical Taxi over Obstacle 
(6-3/8 Inch Obstacle, 2.7 psi Tire Press)... 

Figure 33    Time History of Typical Taxi over Obstacle 
(6-3/8 Inch Obstacle, 3.7 psi Tire Press)... 

Figure 34    Time History of Typical Taxi over Obstacle 
(8 Inch Obstacle, 2.7 psi Tire Press)  

MTCT ffATA (HiW mWlQ* Tm AMP qgas) 

Figure 35    Effect of Ground Speed on Drag Strut Axial 
Load Through A  Inch Deep Ditch  

Figure 36    Effect of Ground Speed on Drag Strut Axial 
Load Through 6 Inch Deep Ditch „ 

Figure 37    Effect of Ground Speed on Drag Strut Axial 
Load Through 8 Inch Deep Ditch   

Figure 38     Effect of Ground Speed on Vertical Link 
Load Through A Inch Deep Ditch   

Figure 39     Effect of Ground Speed on Vertical Link 
Load Through 6 Inch Deep Ditch   

Figure 40     Effect of Ground Speed on Vertical Link 
Load Through 8 Inch Deep Ditch  

Figure Al            Effect of Ground Speed on Airplane Accel- 
erations Through A Inch Deep Ditch •, 

Figure A2            Effect of Ground Speed on Airplane Accel- 
erations Through 6 Inch Deep Ditch   

Figure A3            Effect of Ground Speed on Airplane Accel- 
erations Through 8 Inch Deep Ditch   

Page 

55 

56 

57 

58 

59 

60 

61 

62 

63 

6A 

65 

66 

. ■ ..■■, 



RFP0R1   HO.pl^S-jT 
AIRCHiLO   Aircraft   and   MIMH.II««   DIV. 

CH      FAIRTHILD    iNülNS     Ä     AiRPL«NK    C O p t-1) R A T I ON 

M-245B 
■!■ f     U>   '    I! Hii   K! :     f^ 

PAGfs   P4G;-     vi 

AFTKOVF n   ni 

SUBJECT:-       INITIAL FLIGHT TESTS,  HIGH FLOTATION LANDING GEAR 

DATE    January 22,  I960 

REVISED  

frSSy QF fiaqR^S - continued 

BITgq fiAIA (H?Pff F^TATitQP IJ^E AW BMR) 

Figure iU    Time History of Typical Taxi Through Ditch 
(2.7 psi Tire Press, Ditch Siae 12 In. x 
A In.)    

Figure 45    Time History of Typical Taxi Through Ditch 
(2.7 psi Tire Press, Ditch Size 18 In. x 
A  In)   

Figure A6    Time History of Typical Texi Through Ditch 
(2.7 psi Tire Press, Ditch Size 2/. In x 
A In)    

Figure At           Time History of Typical Taxi Through Ditch 
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Figure AB           Time History of Typical Taxi Through Ditch 
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Figure A9           Time History of Typical Taxi Through Ditch 
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Figure 50    Time History of Typical Taxi Through Ditch 
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Figure 51    Time History of Typical Taxi Through Ditch 
(2.7 psi Tire Press, Ditch Size 18 In x 
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Figure 52    Time History of Typical Taxi Through Ditch 
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Figure 53    Time History of Typical Taxi Through Ditch 
(3.6 psi Tire Press, Ditch Size 2A  In x 
A In) .,,  
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I. INTRODUCTION 

The purpose of these teats was to evaluate the functional and 
aerodynamic characteristics of the Fairchlld High-Flotation 
Landing Gear, Model M-2li$B, as outlined in the test program. 

The test program was completed in two phases. The initial 
testing was terminated on h August 19^9 due to the contract 
funds being expended. A continuation of the contract was 
received which authorized the completion of testing and ex- 
panded the landing program to include sinking speeds of up 
to 10 fps in place of a maximum of 7.25 fps preriously agreed 
upon. 

II. SUMMARY AND CONCLUSIONS 

A,      General Conclusions 

1. Test data presented in this report show that the 
K'2h$B landing gear has exceptional capability in 
absorbing obstacle and landing loads.    These 
qualities,  together with the high-flotation capa- 
bilities evaluated briefly in soft soil and mud, 
indicate that the operating conditions of railitaiy 
support aircraft can be greatly expanded by 
adaptations of this landing gear. 

2. Further tests are recoiwiended to obtain sufficient 
data for design of satisfactory struts to adapt 
this gear to operational aircraft and explore the 
rough field characteristics with additional gear 
damping provisions.    It is unlikely that these tests, 
including landing and take-off across an array of 
obstacles, can be made on the present 1-19 test bed 
because of aircraft structural limitations and the 
rigid strut installation. 

3. The flight tests outlined in Reference (a) program 
were completed within the safety and structural 
limits of the gear and airplane with the exception 
of the highest rate of descent landings which ex- 
ceeded by 0.15 g the airplane design load factor of 
Ii.O g.    No damage was sustained by the gear or the 
airplane during these tests.     The most significant 
conclusions from flight tests are as follows: 
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a. The limiting obstacle height for the 4.3- 
inch tire (1500 lb capacity) is approximately 
6 inches for low speed or STOL aircraft 
operating at ground speeds in the range up 
to AO or 45 mph. Obstacles 8 inches high 
could be satisfactorily crossed at low taxi 
speeds. Tests were limited by drag strut 
springback obstacle loads although the 8- 
inch obstacle loads indicate a considerable 
increase in strut strength would be required 
to make a take-off or landing over this size 
obstacle.  (Refer to Figure 9.) 

NOTE: The loads presented in graphs of 
this report are referenced as 
noted in the Background section 
of this report. Paragraph 7. 

b. Venting tire pressure at touchdown to 
absorb landing shock and loads is feasible 
although some revision of the valving is 
considered desirable for improvement of 
gear efficiency. 

c. An operational installation of the gear 
should include some provisions for damping 
of rebound noted in high rate of descent 
landings and vihen taxiing through wide 
ditches. 

d. Taxiing through mud, in which a 4-wheel 
drive Jeep stalled, was satisfactory. How- 
ever, operation under these conditions re- 
sulted in mud being thrown into the propeller 
by the tires and subsequently being blown 
over the aircraft, including the windshieldo 
In an operational concept for propeller driven 
aircraft some provision would have to be made 
to eliminate or minimize this problem. 

e. Tire folding in flight was successfully 
accomplished following the installation of 
an internal tube arrangement to assist in 
the dynamic folding of the tire. 
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II.       SUMMART AND CONCLUSIONS 

B.      Detailed Test Results 

1, The M-2U5B landing gear with U3-inch tire operated 
satisfactorily and without malfunction in tests 
which included the following maximum conditions: 

a. Taxiing over rectangular 2 1/8 inch obstacle 
at Ul raph. 

b. Taxiing over rectangular k 1/h inch obstacle 
at 37 raph, 

c. Taxiing over rectangular 6 3/8 inch obstacle 
at 38 raph (Photo 35-390). 

d. Taxiing over rectangular 8 inch obstacle at 
8 mph (Photo 35-388). 

e. Taxiing across 2U x U inch ditch at 36 mph. 

f. Taxiing across  2U x 6 inch ditch at 30 mph. 

g. Taxiing across 2U x 8 inch ditch at 15 mph 
(Photo 35-182). 

h.       Landing at 10.25 fps rate of descent. 

i.       Taxiing on mud approximately 6 inches deep 
(soil bearing strength too low to support 
a man's weight). 

j.      Taxiing on soft soil. 

k.      Landing and taking off from rough sod. 

2. Normal accelerations obtained in taxi tests were 
well within the U g aircraft limits in teats over 
obstacles up to 6 3/8 inches at the highest speeds 
tested.    This is shown in Figures 21,   22 and 23. 
Figure 23,   for example,   shows 2.3 g acceleration 
at 22 mph and 2.1 g acceleration at 37 raph in 
6 3/8 inch obstacle tests. 
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II. SUMMARY AND GONCLUSIOHS 

B,  2. - continued 

Lateral and longitudinal aocelerations are presented 
in the same plots. Acceleration data for 8-inch obstacle 
tests,'presented in Figure 2A. indicate no problem to 8 
mph, (maximum 106 g, vertical) the speed at which tests 
were limited by drag strut loads. Time history plots 
of aircraft aocelerations are presented for tests over 
obstacles in Figures 25 through 3^9 taxiing across 
ditches in Figures 44 through 53, and landings in 
Figures 59 and 60A. Vertical load factor versus sinking 
speed in landing tests verifies drop-test data as shown 
in Figure 5Ao 

3.  Gear vertical loads in taxi tests over obstacles of 
varying size at incremental tire pressures and speeds 
are presented in Figures 17 through 20o These plots 
show total vertical load, (rolling plus vertical component 
due to drag), and vertical load prior to obstacle' contact 
is also shown for reference. Total vertical loads only 
are shown in the time history plots (figures referenced 
in paragraph 2).  Vertical motion of the hub when taxiing 
over 6 3/8 inch obstacles at 2.7 psi tire pressure was 
negligible as recorded by motion picture. Photo 35-390 
shows the obstacle enveloped ty the tire with negligible 
vertical displacement of the hubo Obstacle absorption 
is also shown in Photo 35-388 ~ left gear on 8-inch 
obstacle, right gear on 6 3/8-inch obstacleo 

4o  Dreg strut incremental loads for obstacle runs are 
presented in Figures 10 through 13 with drag load due 
to main gear reaction also shown for reference.  Effect 
of tire pressure on incremental drag loads is shown in 
Figures 14, 15 and 16 which are crossplots of drag load 
data. Drag strut springback loads, which were the 
limiting factor in taxi tests, are presented in Figures 
8 and 9.  The drag strut loads in the time history plots 
referenced in paragraph 2 are total axial loads.  In 
designing struts for an operational use of this gear, 
the drag strut loads of this report should be considered 
and total dx&g loads resulting from simultaneous obstacle 
contact and touchdown (not tested in this program) will 
also be a factor in determining structural strength. For 
.initial drag loads at touchdown, see Figure 55. 
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II.      SUMMART AND CONCLUSIONS 

B,      Detailed Test Results - continued 

In landing tests the gear absorbed vertical loads 
at touchdown with about the same efficiency as 
demonstrated in drop tests.    Figure 5U compares 
drop test and landing test data,  showing a e.g. 
load factor of U.l$ with a landing at 10.25 feet 
per second.    This landing is also plotted as a 
time history (Figure 60A) which shows the need 
for damping of rebound after initial touchdown. 
(Note vertical loads and e.g.  load factor on 
time history plots. Figures 59,  60 and 60A)o 
Additional vertical load data on landing is pre- 
sented in Figures $6,  57 and 58, 

The quick-reinflation system used in these tests 
(description on Page 17) apparently is needed only 
for high rate of descent landings when pressure 
after tire venting at touchdown is less than 2,5 
psi.    Several landings were made without quick 
reinflation at rates of descent approximating 5 
fps.    The landing bounce tendency was not noticeably 
changed.    Since the quick-reinflation system may 
increase tire pressure to as much as h psi after 
a light landing (3o0 or 3.5 residual pressure plus 
1.0 or 0.5 psi reinflation)  it could result in 
pressure at which obstacle absorption is consider- 
ably lessened.    In Figures 59, 60 and 60A the tire 
pressures during quick reInflation are presented 
to show time of operation.    Gage location is such 
that only stabilized pressure readings are accurate. 

Taxiing over obstacles of 6 to 8 inch height on 
level terrain the tire deflects at low pressures 
to absorb the obstacles 3atisfactorily0    For 
satisfactory operation over wide ditches (U or 5 
ft width)  or rolling ground, additional damping 
would appear necessary on aircraft with one wheel 
on each main gear. 
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II.       SUMMART AND CONCLJSIONS 

B,      Detailed Teat Results - continued 

8, In-flight folding of the tire was satisfactory at 
95 knots following modification of the folding 
aystera.    The modification consisted mainly of the 
addition of an Inflated internal diagonal tube 
arrangement to prevent premature collapse of the 
leading surface of the tire during the first stags 
of the folding cycle. 

In the original configuration diagonal ribs 
(fastened to the outside of the tire for economy 
purposes on the test article)  produced satisfac- 
tory folding on the ground.    However, when the 
tire was suspended in the airstream at 85 knots 
the ribs on the leading surface collapsed,  de- 
stroying the diagonal convolutions required for 
proper folding,    riy removing the external ribs and 
adding an inflated internal rib system satisfactory 
results could be obtained. 

9, Control of the airplane in flight with the M-2U5 
gear installed was qualitatively satisfactory in 
take-off,  climb,  cruise and stall configurations. 
Longitudinal controllability was marginal inmedi- 
ately following high rate of descent landing 
impact.    This was due to tail wheel bounce and the 
undamped oscillation of the tires following 
touchdowa and was corrected by adding a small 
amount of engine power.    Ground handling was 
satisfactory although maneuvering on pavement is 
slightly more difficult than the original gear 
especially when a pivoting turn is attempted, 

10, A speed-power check was made and data presented 
in Figure 61 indicates that the gear and struts 
reduced airspeed at cruise power (approximately 
2200 rpra, 130 BHP) by 23 mph, from 112 to 89 mph. 
This is applicable only to the test-bed which 
included fixed gear with heavy struts and strut 
fairings (reference Photo 35-388). 
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11. Take-off performance data analysis presented in 
Table I shows that the figures presented in the L-19 
pilot's manual for take-off and climb over $0 ft 
obstacle were matched within the limits of measuring 
accuracy. The test data plots are Figures 62 through 
66. 

12. Leakage through the tires and around hub seals 
will require much improvement for a production 
type or the aircraft will need a built-in set of 
jacks. With pressure from the reservoir shut-off, 
the test tires lost pressure completely in several 
hours. It was not possible to determine whether 
there was leakage through the rotary seals of the 
pressure-sensing element because of the other leaks 
noted above. 

13. Extensive landing gear load data, for both the 
normal and high-flotation gear, appears in tabulated 
form in Appendix I of this report. 
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III. DISCUSSIOM 

A. Background 

1.  The H-245B High-Flotation Landing Gear with 43 inch 
tire (1500 lb rated capacity) was teeted by the 
Fairchild Structural Teat laboratory as reported 
in reference b, (static teats) and reference c 
(rolling tests)„ Drop tests were conducted by 
Batelle Memorial Institute, Columbus, Ohio, as 
reported in reference do 

20      In order to obtain comparative data the L-19A 
furnished for gear tests was instrumented end tested 
briefly before installing the M-2iV5B landing gear,, 
Gross weight was 2^00 lb for all tests, ±30 lb of 
fuel, and eg. was 33«5% ro.a.c. 

3o  As a result of drop test findings and pre-test confer- 
ence on operating procedures it was considered 
necessary to redesign pert of the inflation systanu 
This redesign, made for the reasons listed below, 
delayed the program only slightly since it was 
found that a simplified inflation system, adequate 
for taxi tests, could be installed and that refine- 
ments of the system for flight could be made later 
when design and drawings were completedo The 
changes from original plans required were as follows: 

ao  Interconnection of tires was considered 
unacceptable because it would permit air 
from one tire to flow to the other tire 
in cross-wind taxiing or with other lateral 
load differences. To eliminate interconnec- 
tion and still retain the feature of post- 
landing bleed-down to a preset roll-out 
pressure it was necessary to duplicate the 
system from the tire to tho pilot's adjus- 
table regulator (including the regulator). 
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A.    3. - continued 

Drop tests indicated that a roll-out problem 
could be anticipated because of the •variation 
of post-landing tiro pressure with rate of 
descent which is illustrated as followst 

Rate of descent   Residual tire pressure 

2.25 fps 3.6 psi 
7.25    " 2.6    ■ 
ßo5      " 1.8   " 

It appeared that with less than 3 pel and 
a 1200 lb load the tire would wrinkle exces- 
sively for roll-out. To correct this problem 
a smaller reservoir (650 cu. in) was added 
to the system. This "quick-reinflation" 
reservoir charged to approximately 200 psi» 
would discharge Into the tires immediately 
after touch-down, raising tire pressure by 
approximately 1 psi. This reinflation value 
could be varied by the charge of the quick- 
reinf lation reservoir. Pressure would then 
bleed down, through bleeds in the adjustable 
regulators, to the pressure selected by the 
pilot for roll-outo 

The system as originally designed was con- 
sider&d unsafe for flight tests since it 
required a pilot, upon landing and during 
roll-out, to adjust two regulators (from 
9 psi to roll-out pressure of approximately 
3 psi) and push a button to reactivate the 
inflation system» In order to correct this 
and permit the pilot to select the roll-out 
pressure while on base leg or final approach 
two solenoid valves were added between the 
tires and regulators. These valves closed 
when the pilot selected the "Ltrnd" position 
on the gear control box and the pilot could 
then adjust the regulators to the roll-out 
tire pressureo After landing, the valves 
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III.  DISCDSSION 

A.    3.      c. - continued 

were reopened by a pressure-operated time 
delay switch. The solenoid valves also 
prevented back pressure during quick-re- 
inflation from damaging the regulators. 

The M-2A5B system as installed on the L-19A did not 
include the tire deflation and folding provisions 
since these tests were programmed for completion on 
a large airplane,, The initial in-flight folding 
tests were conducted on a C-119 airplane S/N 53-3136, 
using a specially constructed rig to lower the tire 
into the airstream through the paratainer door openingc 

The weight of the control components on the test- 
bed installation was not representative of a possible 
production model. These parts such as regulators, 
solenoid valves and pressure piloted valve were off- 
the-shelf items selected for quick availability 
and a low cost test installation. 

In order to obtain comparable weight with the various 
test configurations the ego of the airplane was 
practically dictated by the gear installation and 
the ballast space available» For determination of 
weight and eg» the airplane, with instrumentation 
installed, was weighed in the level attitude 
(levelling on the control torque tube) in the 
original configuration, after installing the M-2A5B 
gear and again after installing the quick-reinflation 
system with flight control panel. 

a. Tests of the original gear configuration 
were made with a full fuel load but with 
instrumentation recording equipment in- 
stalled at the observer's station and 
ballasted with 2$ lb on the battery, 133 
lb around the legs of the pilot's seat a;ad 
70 lb aft of the seat (horizontal arm 
L4A.0). The airplane with pilot weighed 
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A.     6. a. ~ continued 

2400 lb with e.g. 33.6% jn.a.c. The highest 
weight Hated for L-19 aircraft In T.O. 
1L-19A-5 is 2100 lb at 30o5% B.B.C. and 
the same T.0„ lists the aft Cogo limit of 
the L-19E as 3100% m.e.ac,  et 2400 lb. The 
aircraft manufacturer was contacted and 
approval was obtained to use 33,Of>  nuauCo 
as a test loading providing no spin maneuvers 
were planned and vertical load on the gear 
should be limited on landing to 7300 lb, 
(2100 lb x 3.A7 g). 

b. The InatallBtion of the H-245B gear with 
simplified inflation system and instrumen- 
tation allowed onl^ 7 gallons of fuel for 
24.00 lbs, Cog. 27.5% m.a.Co Fuel was con- 
sidered adequate for taxi operations. 

c„ When the final system waa installed the 
airplane waa overweighta The air compresaor, 
chemical air dryer and related tubing were 
removed and the accumulator was charged 
from an external compressor unit before each 
flight. Instrumentation was changed to use 
a small dry-cell bridge battery. With 11 
gallons of fuel the aircraft loading was 
2429 lbs, o.g. 29oÖ% m.a„Co Limited by 
space and structure for mounting instrumen- 
tation and inflation equipment, this waa 
considered the optimum obtainable with a 
reasonably safe fuel supply0 

7.  The zero referenoea for load date presented in 
Figures 1 through 7 for the original gear were 
taken in flight. The high flotation gear zero 
references ware obtained before and after test 
by Jacking the airplane and disconnecting the drag 
atruta for Ground runs 1 through 12„ After in- 
atallatlon of the flight system the zero referenoea 
were recorded in flight innediately prior to landing 
or, in the case of obstacle teats, during a lift- 
off from the runway. An exception is the tire 
pressure which was obtained with the aircraft on 
Jacks and tire pressure bled to zero. 
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III. DISCIISSIOK - continued 

£• Tast Comments 

a« All tests listed in the program were conducted 
except the turning radius test which was dis- 
continued when it was found that the steereble 
tail wheel controlled the radius of turn for 
approximately a 20° turn, then swivelled to 
permit practically a pivot at low speed and 
an incipient ground-loop. Thus it appeared 
that significant turn data could not be 
obtained, 

bo Obstacle tests were carried to a raeximum of 
23 mph over a 2 x 6 inch plank.  (Reference 
Figures 1 through 5.) These standard-gear 
loads were considerably higher than those of 
reference (e), it  is noted that the tests 
of reference (e) were conducted at 2135 lb 
gross weight while Fairchild te^ts were at 
2400  lb. The wide variation of gear load 
prior to obstacle contact is considered a 
result of changes in wing lift and in thrust 
vectors due to necessary throttle adjustments 
in obtaining the desired speeds (reference 
Figures 1, 2, A and 5). 

Co Landings were made to a maximum rate of 
descent of 4.3 fpe which were adjudged by 
the pilot as limiting by reason of gear 
deflection (reference Figures 6 and 7)o 
Vertical loads on the gear were higher than 
those of comparable descent rate in the ref- 
erence (e) report, probably due to weight 
difference. Longitudinal accelerations were 
practically identical to reference (e) while 
vertical accelerations for given descent 
rates were approximately 0o25 g lower. 
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B. 1.  original L-19A Configuration with Standard Gear - continued 

d. Data for comparison with the K-24.5B gear 
were also obtained for the remaining items 
of the teat program which included speed» 
power (Figure 61), performance take-off and 
landing (Figures 62, 63 and 6^ and Table I) 
and pivoting turns on sod and concrete. The 
latter data was not plotted since the high- 
flotation gear was not instrumented for side 
loads and torsion loads. 

2.  ft-^AS LftP4lBK G«^r (plPPiUfJ-ffd toQafctflB ftYB^w) 

a. Tests with the simplified system (excluding 
parts required for flight test) were made over 
obstacles and ditches of varying sizes as 
reported In the summary and conclusions,, Gross 
weight was 2400 lb with e.g. 27.5$ m.a.o. When 
it became evident that moximum obstacle runs 
scheduled would result in exceeding the 2300 lb 
limit In the aft drag strut fitting, it was 
necessary to monitor loads and approach the 
high speed runs in cautious Increments, with 
resulting delay In the program. 

b. The tire pressure originally desired for test 
was 3«5 psi» a pressure which reduced wrinkling 
of the tire. This is also the pressure which 
remains in the tire after a light landing, 
consequently that at which obstacle contact can 
be anticipatedo As seen in Figures 8 and 9, 
this pressure severly limited the speed at 
which obstacles could be negotiated within 
drag springback load limits of the drag strut 
fitting (originally 2300 lb). This total drag 
load results from the geometry of the gear 
which. In 3-polnt attitude positions the main 
strut forward of the strut attachment and 
Introduces a 400 lb tension component in the 
drag strut due to 950 lb vertical static load» 

S-800-23Ä 



mro/«;   1 PAIRCHILD   Aircraft   and   IV1l««n«0   Dlv/T 

^^T"**1^*"1*" -Tw^wngr 
PAGES PAGE    13 

APfROVi/r« BY 

SUBJECT:-   INITIAL FLIGHT TESTS, HIGH FLOTATION LANDING GEAR 

DATE  January 22. I960 

REVISED  

in. DISCUSSION 

B. 2.  b. - oontinuad 

The vertical load increased dynamloally when 
the airplane crossed an obstacle and spring- 
back loads of the fixed strut were additive. 
Drag strut incremental loads are presented in 
Figures 10 through 13 independent of vertical 
load reaction in the drag strut0 

Obstacle tests were continued using a tire 
pressure of 2,7 psi after a brief exploration 
shoved that rolling characteristics at this 
pressure would be acceptable although wrinkling 
was more than desired and the greater deflec- 
tion of the tire resulted in premature wear,, 
The anticipated tread width of the tire had 
been reinforced with a sheet of tread-stock 
neoprene approximately .060 inch thick. The 
sidewall area, where wear was encountered at low 
pressure, was covered only with .020 inch of 
relatively soft carcass-stock neoprene On a 
production type tire of this sis«, if operation 
at pressure as low as 2,7 psi is desired, the 
tread width should be increased approximately 
5 inches on each side of the tire. 

Taxi tests over obstacles higher than 2 1/4. 
inches were limited to one obstacle (reference 
Photo 35390) in accordance with the test pro- 
gram provision covering danger to the airplane. 
It became obvious that in the repeated runs 
between two obstacles the tail wheel would 
eventually be damaged» On one occasion the 
tail wheel struck a 2-inch obstacle when using 
paired obstacles. In later demonstrations at 
slow speed a 6 inch and 8 inch obstacle were 
negotiated simultaneously without difficulty 
to demonstrate that no longitudinal control 
problem resulted.,  (Photo 35-383.) The 
obstacles used for tests were rectangular, as 
shown in the referenced photo, and no ramp 
was usedo 
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B. 2.  M-2^5 Landing Gear (alapliTied inflation - cont'd 

e. The considerable scatter in gear vertical 
load data appears characteristic of low 
pressure tires when compared with data of 
reference (e). The vertical load data of 
Figures 17 through 20 is total load and the 
rolling load, also plotted, may be subtracted 
to obtain incremental loads due to obstacles. 

f. Taxi tests across a ditch were made over a 
2 ft by -i ft box buried flush with the ground 
and filled with planks to vary the depth end 
width of the ditcho The ^ ft dimension 
(length) remained constant and the taxi path 
was across the 2 ft dimension (width) which 
was varied to 18 inches and 12 inches (Photo 
35-182)o The taxi tests across the ditch 
were conducted to limits of safe operation 
or to speeds at which lo&ds recorded had 
reached maxlitums. As seen in Figures 35 
through A3 the ditches 12 inches or 18 inches 
wide presented no problem at depths up to 
6 inches. The ditch 24 Inches wide and 8 
Inches deep resulted in sharply increased 
springbaok drag loads (Figure 37),  vertical 
loads (Figure IP)  and aircraft accelerations 
(Figure A3). Time history plots of vertical 
loads, drag loads and aircraft accelerations 
are presented for evaluation of dynamic 
characteristics in Figures 44-53o 

3.  M-2A5 Landing Gear. Complete Inflation System 

&  Tests with the complete inflation system. 
Including quick-reinflation but without 
folding provisions, were made in accordance 
with the program. Gross weight was 2^00 lb 
(^30 lb fuel) with e.g. 29.8% m.a.c. Incre- 
ments of descent rate were obtained for landing 
tests by increasing the height of the landing 
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III      DISCUSSION 

B,      3«      a.      Continued 

flare and stall. Attempts were also made 
to increase rate of descent by using forward 
stick at the time of the stall. The best 
results were obtained by use of 60° flaps, 
setting up a nose high, power-on approach 
and varying the height at which the engine 
was cut to control sinking speed, 

bo  After five flights with the quick-reinflation 
accumulator charged to 100 psl (resulting in 
1 psi quick reinflation) the regulator for 
this accumulator was set to a minimum (60 psi) 
for approximately 0,7 psi quick reinflation. 
No significant change in gear or aircraft 
reaction was noted. However, this explains 
the lower pressure of Figure 60 compared with 
Figure 59 during the quick-reinflation period, 

c. Initial landing tests were complicated by- 
reason of the original tail wheel spring. 
At 2li00 lbs gross weight a hard landing bent 
the original spring on several occasions. The 
first of two series of landing tests was ter- 
minated at a maximum sinking speed of 6,U fps 
to preclude damage to the airplane through 
failure of the tail wheel spring, 

A new tail wheel spring was supplied by TRECQM 
and installed on the airplane prior to the final 
landing tests. This spring was made of a 
slightly heavier gauge material than the orig- 
inal and held up well at the maximum attained 
sinking speed of 10,25 fps, 

d. During the landing tests it was decided to 
reinforce the aft drag strut attachments. 
This change was simply a bracket attaching to 
the skin and an additional rib, increasing the 
limit for drag springback (tension) load from 
2300 to 3500 lb. With this configuration it 
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f. 

was possible to increase speed over obstaoles 
as indicated by flagged test points on various 
plotso There was also noted a tendency to 
reduced springback loads for a given speed 
and tire pressure after stiffening the drag 
strut attachment. This may be seen, for 
example, on Figure 9« 

Landing tests for recorded data were made on 
a maoadas runway. Two landings were made for 
qualitative evaluation of characteristics on 
a rough sod field,, No problems of control or 
rolling characteristics on rough sod were noted 
but the undamped bouncing when taxiing at 15-20 
mph through a ditch about 6 inches deep and 
5 feet wide was quite pronounced,, Bouncing was 
also noted when taxiing on a "washboard" macadam 
surfaceo 

Take-off was made from a macadam runway except 
one case when a take-off was made from a rolling 
stretch of rough sodo  In the latter case the 
absence of damping was also notable on the test 
bed installation. No recording was made of load 
or acceleration data during the rough field 
take-off because of generator trouble at the 
time0 Further testa were anticipated under 
more strenuous conditions but contract funds 
were expended before this could be accomplished. 

It will be noted that side loads and torsion 
loads on the geer strut were not obtained. The 
gear structure was too heavy to obtain measurable 
deflections with the weight of the L-19 aircraft0 
This also eliminated measurement of turning 
loads on the gear and restricted such tests to 
qualitative evaluations0 
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III.     PISCUSGION 

B.   3.    H-245 jaadjjag ^esr. cmpX^^ jaÜäUm ^f^m - cont'd 

Several drops were made from a crane in order 
to determine that the quick-reinfletion eyetem 
and valves were functioning satisfactorily 
before making a landing.  Data is presented in 
Figure 5^0 During one of these drops the 
rudder of the aircraft was damaged and a 
replacement was obtained from TRSCOM. 

C. Description of Test System 

1. Original Landing Gear 

The original landing gear was unchanged from 
the standard L-19A configuration. Strain 
gages were installed for measurement of loads,, 

2. M-2^B Lftft^lng Qfigr (SlfflpIJLflfld IflflflUOQ SyB^M) 

Pending engineering changes considered necessary 
for the flight tests a simplified inflation 
system was installed for the eirly phase of 
taxi tests. This system included a main reservoir 
(capacity 870 cu. in., 3000 psi) with regulators 
for individual tire pressure selection. The 
tires and hubs were in final configuration as 
related to ground operation. 

3o  M-345B LfilKUflg Goflf (mgh^ Tgfft^ Syptyn) 

As finally installed the gear included, in addition 
to the above reservoir and regulators, the 
followingi 

a. Quick reinflation system consisting of a 
reservoir (capacity 6$0 ou. in.) which filled 
to an adjustable pressure (for early tests, 
100 psi) when a pressure sensor cocked» It 
discharged into the tires when both pressure 
sensors uncocked after touchdown. 
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III. DISCUSSION 

C. 3o M»2A5B Landing Gear (Flight Teat System) - continued 

Indicators 

(1) Red warning light indicating that a 
pressure sensor was not cocked and 
ready for landing, light extinguished 
when both were cocked. 

(2) Green indicator lights, one for each 
tire indicating when the tire pressure 
sensor was cocked and ready for landing. 

Selectors 

(1) Pressure regulators for selecting 
touchdown tire pressure or taxi 
pressure. These had adjustable 
stops set for 9 psl touchdown and 
approximately 3 psl for taxiing 
over obstacles. A ndd-point 
selection for approximately $ psl 
was used for taxiing on smooth 
surface and for take-off to avoid 
excessive tire wear,, 

(2) Control panel with electrical switch 
set for "cruise" position during 
in-flight tire inflation for landing. 
The switch was set to "Land, Taxi 
and T.O." position Just prior to 
landing and this closed solenoid 
valves between the tires and the regu- 
lators so that the regulators could 
be set to 3 psl before landing,, 
Without these valves the tire pressure 
would begin bleeding back through 
the regulators when they ware set to 
roll-out pressure before landing. The 
solenoid valves also protected the 
regulators from the higher line pressures 
during quick-reinflation. The solenoid 
valves were autometically opened approx- 
imately 5 seconds after touchdown by 
an adjustable time-delay switch. 

S-800-23A 



REPORT NO.    FT2A5-1 
MOllEI. 

H-2A5B 

FAiRCHILO  Alrcraf«   «nd   rvil«»il«»   Dlv. ^ 
 gg FA I »CHILD TNGINE » AlKPLANt CnRPO RA T I (IN 

PPEPAK'r1»   ff    ' '"" ? mam w 
J  

SUSJECT:-        INITIAL FLIGHT TESTS,  HIGH FLOTATION LANDING GEAR 

PAGES PAGE      19 
APPROVED   BY 

DATE     Jcpuary 22,  I960 

REVISED     

in. jaaaBBMi 

C. 3o  m4g Landtag Gear (Flight Teat Systeia) - continued 

d.  Compressor 

A compressor provided for the system 
was Installed, but It was found that with 
the inotrunientation recording equipment 
the airplane would exceed 2.400 lbsa 
Since a 2500 pai charge in the main 
reservoir was adequate for approximately 
A inflations of the tires, the compressor 
was removed and the reservoir was charged 
from a ground compressor unit prior to 
tests. This unit incorporated filters 
end chemical dryers» For a production 
system using ii3-inch tires, it is be- 
lieved 'tht-t a compressor with 1500 psi 
or less capacity would prove adequate. 

4.  Operation of the Flight Test System. Typical 

a. Prior to take-off the pilot adjusts the regulators 
to 5 psi» places the control switch to "lAnd, 
Taxi and T,0.n, Since sensors ere not cocked 
the solenoid valves remain open and the tires in- 
flate to 5 psi» 

b. After take-off the pilot places the control switch 
to "Cruise" position and pushes the regulators to 
the forward stops (preset to 9 psi) <. Red light 
indicates, and green lights do not, while tires 
inflate,, When one tire reaches cocking pressure 
(approximately 7,5 psi) a green light comes on, 
red light remains on, the quick reinflation system 
reservoir (solenoid controlled) fills to preset 
pressure, and pressure continues to the tires. 
When the other tire reaches cocking pressure the 
corresponding green light comes on and the red 
light is extinguished. Pressure to the tires 
continues to increase to 9 psi and Is maintained 
at that pressure. 

S-800-23A 



REPORT N"        ■Tg/gji        FAIRCHILO   Aircraft   and   mtmmtfmm   Div. I 
J.-J.»-»»-/    -^ O1-"    f« I SCHILD    i-NGINF   »    AII^PIAWE    CORPORATION 

MODK M-2^5B r-?ii?ffnr 
PAGES PAGE       20 

ATPSOVKn   BY 

SUBJECT:-   INITIAL FLIGHT TESTS. HIGH FLOTATION LAI.DING GEAR 

DATE  Jfauuaxy 22. 19^0 

REVISED   

III. DISCUSSION 

C. 4o  Operation of the Flight Test Syatea. Typical - cont'd 

Co On final, approach, the pilot pieces the con- 
trol switch to "Land, Taxi and T.0.n, pushes 
regulator controls full aft to the stops and 
is ready for landing. Solenoid valves are now 
closed to prevent pressure bleeding through 
regulators from the tires. 

d„ At touch-down the tires exhaust to between 
3.5 and 2.1 psi, depending on rate of descent, 
pressure sensors uncock individualljr when 
pressure sensor senses 2,5  psi inside the hub. 
(The variation in actual tire pressure results 
from the difference in volume of air exhausted 
from the tire when deflection at touchdown is 
large or small.) When the second pressure 
sensor uncocks the quick re-inflation system 
discharges the quantity of air in the 650 cu« 
in. reservoir into the tires (100 psi equals 
approximately 1 psi tire pressure increase) 
and triggers the time-delay relay0 After the 
preset time-delay the solenoid valves are 
reopened between the tires and regulators and 
the pressure of the tires is increased or 
bled off to the falue preset by the regulator 
low pressure stop (approximately 3 psi). 

e. After roll-out the pilot places the regulators 
approximately mid-way between the stops for a 
5-psi taxi pressure on smooth terrain or leaves 
the regulators on the low pressure stop for 
taxiing on rough, unprepared surfacOo 

D. Instrumentation 

Instrumentation was provided on the M-245B gear to 
record on an oscillograph as follows: 

Drag loads of the gear, from strain gages on 
the eyebolt stem attaching the drag strut to 
the main strut assembly. 
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Vertical loada from strain gages on the vertical 
load links. 

Vertical acceleration, from en accelerometer 
mounted on the floor end attaching to aircraft 
rib structure 22 Inches eft of the firewell 
(over the main gear). 

Longitudinal aoceleretjon. from an accelerometer 
mounted adjacent to vertical accelerometer. 

Lateral acceleration, from an accelerometer 
mounted on a board installed aft of the pilot's 
seat 49 Inches aft of firewall, on centerline 
of the aircrafto This was directly below the 
mid-point of the wing root chord. 

Tire pressureP fro» transducers installed in 
the inflation lines to the valves approximately 
5 feet upstrea« of the tires. Thus, when 
measuring pressure during quick-reinflation of 
the tires (Figures 59 end 60) the measurement 
was actually line pressure until pressure 
stabilized. No completely satisfactory method 
could be found for measuring actual tire pressure 
since pressures inside the hub are also affected 
by air flow during tire Inflation and venting0 
Comparison of vertical load and tire pressure in 
Figures 59 and 60 shows however that the lag in 
time between vertical load actuating the vent 
valve (approximately 1000 lb) and the drop in 
tire pressure (venting through hub) is approx- 
imately „02 second. Tire pressures stabilise 
about 2 seconds later upon completion of quick 
reinflation. This was satisfactory for deter- 
mining proper functioning of the inflatioh system. 

Ground speedr from a microswitch mounted on tail 
wheel to indicate each revolution of the wheel, 
with time correlation on oscillograph for rpm. 
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III.  DISCUSSION 

D.  Instrumentation 

Rate of descent was measured by equipment 
utilizing the reflection from the runway surface 
of a continuous audio tone projected from the 
aircraft. The principle of operation is as 
follows: Dependent on the distance traveled, 
the reflected sound will either tend to rein- 
force or cancel the projected sound as picked 
up by a microphone located near the source. 
The relative output level of the microphone is 
recorded on an oscillograph and, with the 
frequency used in these tests, peaks occur at 
approximately every two inches as the aircraft 
approaches the runway. Since time is also on 
the oscillograph record, rate is easily computed. 
Correction is made in the calculations for the 
effect of variation of the speed of sound with 
temperature. 

Instrumentation for visual recording was as followsi 

RRI, Free Air Temperature, Cylinder Head 
Temperature, Airspeed and Oil Temperatu?B 
from standard aircraft instruments. 

Manifold Pressure, Ranco, Inc. gauge, S/N 
AP U3-1Ö7717, calibrated for operating range. 
Pressure tap was in the line between the primer 
and the engine (primer inoperative). 

Tire Pressure downstream of regulators, cali- 
brated gauges. 

Reservoir Pressure of main inflation system, 
gauge in outlet line reading to 3000 psi for 
the 870 cu, in, reservoir. 

Regulated Air Pressure (to 200 psi) gauge in 
line between reservoir outlet regulator and 
tire inlet regulators. 
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III. DISCUSSION 

D,      Instrumentation - continued 

Rgaervolr Pressure (to 200 psi)  quick-reln- 
flatlon aystem,  gauge between reservoir outlet 
and solenoid valve Controlling release of air 
to the tire. 

Regulated Air Pressure (to 160 psi) gauge on 
regulated controlling air to the quick-reln- 
flation reservoir. 

E.      Tire Folding Test Apparatus 

Ground and in-flight folding and reinflation tests of 
the high flotation tire were conducted by means of a 
portable test rig.    This rig contained the necessary- 
supply of compressed gas,  a vacuum pump, a maans of 
raising and lowering the tire in the slipstream when 
airborne, and necessary controls.    The test rig was 
so designed that It could be Installed in the cargo 
hold of a C-119 airplane and the tire could be lowered 
Into the airstreara through the paratatner doors in the 
bottom of the fuselage. 

Initial attempts to fold the tire in flight failed when 
the original configuration (external diagonal ribs) 
collapsed at its leading surface when lowered into the 
slipstream.     The external ribs were re-noved and an 
internal tube arrangement was installed which assisted 
the dynamic folding of the tire. 

The inner tube arrangement consisted of two tubes 
having a 3 1/2 inch diameter cross section and 21 
inch outside  diameter mounted inside the tire carcass, 
concentric with the axle.    Ten inflatable internal rlba 
of 2  l/h inch diameter cross-section were installed 
diagonally between the two inner tubes.    Air lines 
connected the  tube arrangement to the supply and evac- 
uating sources. 
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IH, DISCUSSION 

E.  Tire Folding Teat Apparatus - cont'd 

The tire and the internal tube arrangement were in- 
flated separately. During the folding sequence the 
tire was deflated and the internal ribs held the tire 
as the inner hub began its rotation. As the hub ro- 
tation continued, the internal ribs propagated the 
diagonal convolutions required for proper folding. 
Once the diagonal folds wen» initiated the internal 
tube was deflated and the hub completed its rotation 
to complete the sequence. Refer to Photos 36-918 
through 36-921. 
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TIME HISTORY OF TYPICAL TAXI  THROUGH DITCH 
M2A5B Landing Gear 

Ditch Size  12"W;xB"D 
Record No.  2^712 

Tire Prsssure 2.7 PSI Wheel Speed  10.3 MPH 
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Data Req. No.  LI9-3 



FT2A5-1 Pag« TU 
Figurö 51 

TIH£ HISTORY OF TYPICAL TAXI THROUGH DITCH 
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APPROVED  BV 

SUBJECT:-     IMITIAL FLIGHT TESTS,  HIGH FLOTATION LANDIMG GBAR 

DATE   Jtmuayy 22, X96Q 

REVISED 

aauu 
L-19A COMPARATIVE PBRFORMANCg DATA 

Take-off 

Data Request No. LI9-8 

ITEM 
RUN HO. 

Original Landing Gear 
30° Flapa 

Gross Weight (lbs) t 
C.G. Location {%  ro.a.c.) 

2A0O 

33.6 

10 

2-400 

33.6 

11 

2400 

33.6 

High Flotation Gear 
30° Flaps 

5 

2A00 

29.8 

2^00 

29.8 

Head-wind (mph) 2o0 IcA 1.8 

F.A.T.  ( 0C) 22.0 22.0 22.0 27.5 28.5 

Pressure Altitude (feet) 510 510 510 490 490 

Ground Spaed at lift-off (mph) 58.1 56o4 52.6 50.9 50.8 

Lift-off Speed  (kts, V ) 56.7 55.0 

Observed Ground Dist.   (feet) 605 570 

Observed Air Dist. to 50« (feet) 

Obserred Total Dist.  (feet) 

Manual Scheduled Lift-off Vo 

Manual Ground Dist. (feet) 

Manual Air Dist to 50' (feet) 

Manual Total Dist (feet) 

Observed Total Dist/Man. Total Dist 

Reference Figure No. 

450 435 

1055 1005 

53 

610 

410 

1020 

1.034 

53 

610 

410 

1020 

0.985 

62 63 

53.4 

450 

50.5    51.0 

480 

535 595 

985 

53 

580 

420 

1000 

0.985 

64 

1075 

53 

650 

450 

1100 

0.977 

65 

485 

595 

1080 

53 

660 

460 

1120 

0.964 

66 
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SUBJECT:-     INITIAL FLIGHT TESTS,  HIGH FLOTATION LANDING GEAR 
DATE   jeawry 2g, 19^? 
REVISED    

TABI^ m 
LOG OF TESTS 

Original L-19 Landing Gear 

L-19A Serial No. Ar»ji 51-7W. 

GroBB Weight 2^00 lb, o.g0 33.6$ a.a.c. at Take-off 

Flight No. 
Date and 
Duration 

1 
^-22-59 
10 mln„ 

2 
4-29-59 
5 »in. 

3 
4-29-59 
25 min. 

A 
4-29-59 
5 mine 

5 ' 
5-1-59 
5 min. 

6 
5-4-59 
20 min. 

7 
5-4-59 
25 min. 

8 
5-4-59 
25 sin. 

9 
5-5-59 
25 min. 

Purpose 

Comparative acceleration and 
gear load data during landings. 
Rune over 2-inch obatacle„ 

Remarks 

Tube stem of tail tire damaged. 

Same as Flight 1, 

Speed-power 

Runs over 2-inch obstacle with 
sand ramp. Gear loads turning 
on concreteo 

Satisfactory landing and obstacle 
run data obtained. 

Power determination not satis- 
factory due to instrumentation. 

Runs over 2-inch obstacle at 
increased speed. Gear loads 
turning on sod. 

Speed-power 

Performance take-off and 
landings„ 

Repeat of Flight 7. 

Speed-power. 

Turning radius tests dropped 
because of steerable tall wheel,. 
Gear loads satlsfaotoryo 

Satisfactory data. 

Rough plot of data indicated 
results not satisfactorily 
coaparable with power curve. 

Camera runway coverage was in- 
adequate for complete run to 50 ft 
over obstacle at the test weight. 

Satisfactory data obtained by 
starting runs neerer the down- 
wind end of the runway. 

Satisfactory data. Tests with 
original gear completed. 

Total flight time L-19A with original gear, 2 hours 25 minutes. 

8-800-23A 
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,,0DF-L    M-2A5B PREPARFC BT emera BY APPROVED BY 

SUBJECT:-        INITIAL FLIGHT TESTS,  HIGH FLOTATION LANDING GEAR 
DATE   January ^ I960 

REVISED 

WG OTTS??? (eonfd) 

H-245B High Flotation Landing Gear Installed 
with SiÄpllflad Inflation Sy.ta« 

L-19A                                                                           Serial No. Army 51-7iUl 
Piloti    R. V. Ford 

Ground Test No, 
and Date 

Purpose Renarks 

5-21-59 
Functional checks of inflation 
system. 

Inflation systen adequate for 
ground tests.    No data,, 

1 
5-22-59 

2-inch obstacles at 1 
tire pressure 4 and 6 

3-40 aph 
.5 psi. 

3 nph 
re 

Satisfactory data obtained. 
Twin obstacles endanger tailwheel. 

2 
5-25-59 

2-inoh obstacle, 10-3 
at 3.7 and 5.0 psi ti: 
pressure. 

Data indicated that obstacle 
tests at 5.0 psi nay exceed 
drag load Units at higher speeds. 

3 
5-25-59 Recheoka of abore with reduoed 

attenuation. 
Satisfactory data obtained. 
Crag loads near Units. 

A 
5-27-59 

Rolling ohareoteristios over 
ditch at 5-25 nph and 4.9 psi 
tire pressure.    Taxi check at 
2.7 psi tire pressure. 

No heat buildup.    Sone wrinkles 
at slow speeds.    No wrinkles 
obserred at 35 mph. 

5 
5-27-59 

Obstacles 4" and 2% 10-25 nph 
2.7 psi tire pressure,, 

Data satisfactory. 

6 
5-28-59 

Taxi runs. 6" obstaol« 
tire pressurso    Up to 
oalibrated wheel spee< 

»s. 2.7 psi 
27 nph 

1. 

deep ditch 
)-30 nph 

n               n 

7 
6-3-59 

8 inch obstacles| 4N < 
207 psi tire press, K 

li                     N 

8 
6-3-59 

8" obstaclosj slow speeds, 
6" deep ditch, 207 psi 

n               * 

9 
6-^-59 

6 3/8'' and 8m obstacles j 4" and 
6" deep ditches. Up to 36.0 nph 

n               n 

10 
6-4-59 

Obstacle« 4 1/A*, 6 3/8** 8-10 
mph and 6" deep ditch 25-30 mph 

H              m 

S-800-23A 
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APPROVED BV 

DATE  January 22,  I960 

iBJECT..   INITIAL FLIGgr TESTS, HIGH FLOTATION LANDING GEAR    REVISED  

TABLE IIB - continued 

LOG OF TESTS (continued) 

H.2^5B High Flotetion landing Geer Inatalled 
with Simplified Inflation System 

I^19A Serial No. Amy 51-7U1 
Pilot:    R. V. Ford 

Ground Test No. 
end Date 

11 
6-5-59 

12 
6-8-59 

Purpose 

Ditch 4" and 8" deep| 2.7 psi 
tire pressure. Obstacles 
2 1/8» and U  l/A". 

A 1/U*  obstacle at 2.7 and 
3.7 pai tire pressure. 
Ditch 6,, and 8" deep; 2.7 
pai tire preasurso 

Renarks 

Data satisfactoryc 

S-WO-23A 
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HODEL 
M-2^5B 

pREfAReß-ff rnwH» w APPROVED BY 

j 
SUBJECT:-   INITIAL FLIGHT TESTS. HIGH FLOTmON LANDING GEAR 

DATE January 22, I960 

REVISED 

TABLE HG 

Wa  PF TESTS 
M-2^5B HIGH FLOTATION LANDING GEAR 

I^19A                       Serial No. Army 51-7U1 
Pilot: R. V. Ford 

Flight No. 
Date end 
Duretion " 

Purpoee Remarks 

■■"   

10« 
7-1-59 
15 »in. 

Functional teete of flight in- 
fletion eyetem with quick 
reinfletion. 

Power-off stalle normal with T.O. 
and lending flep. On landing 
good shock absorption end quick 
reinfletion gave smooth roll-out. 
Oil temperature reached limits,, 

11 
7-6-59 
15 m1n„ 

Landing testso 
Quick reinfletion to 5 P«i. 

Control satisfactory on lift-off 
and landings. Power-on stelle 
(2300 rpm) normal. 

12 
7-7-59 
10 min. 

Lending testa» Late exhaust on right gear»  Some 
directional difficulty believed 
due to tell wheel shinny „ 

13 
7-7-59 
5 min. 

Demonatration lendingo 
Wing camera installed0 

Teil wheel assembly bolts tightened 
and improvement resulted in teil 
wheel shimay,. 

U 
7-8-59 
20 min. 

Heavy landing for directional 
check and tire characteristics. 

Satisfactory date obtained. No 
difficulty with tail„ 

15 
7-21-59 
10 min. 

Deaonstretion.  Increased 
speeds on obstacles end ditch* 

Drag etrut reinforcement installed. 
Teil spring setiefactory. Left 
tire wearing considerably wh^re 
sidewalls contact ground et low 
pressurSo 

16 
7-22-59 
10 min. 

Demonatration for AF and Ariqy, 
Lendings,ditch and obetecleB. 
Increased landing loads, 

Time history of one lending made0 
Approximately Ä-lnch bounce with 
3 fpe sinking speedo 

17 
7-23-59 
25 min. 

Speed power Five epeed power points obtainedo 
Oil tempereture 7° C over the 
108° limit„ 

18 
7-23-59 
A5 min. 

Perforusence teke-off 
Taxi in eoit «oil end mud0 

Time hietory of one landing, 
6-A fpe.  (Figure 60) 

• Note that first nine flights were with standard L-19 landing gear (Teble IIA) 

S-800-23A 
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K-ZA5B APPROVED   BY 

SUBJECT:-   _  INITIAL FLIGHT TESTS.  HIGH FLOTATION LAKDING GEAR 

DATE     January 22.  I960 

REVISED      April 1^.  I960 

Flight No. 
Date and 
Duration 

19 
7-2^-59 
5 mln. 

20 
7-24-59 
5 mln. 

TABLE IIC - eontinuad 

LOG OF TESTS 

H-2^5B HIGH FLOTATION LANDING GEAR 

Purpose Remarks 

Demonstration landing on 
runway. 

Taxi on soft soil and mud, Tires throw mud into propeller. 
No problem in soft dry soil. 
Taxiled over mud where 4—wheel 
drive Jeep stalled« 

21 
7-27-59 
25 mln. 

22 
7-28-59 
10 mln. 

Improved technique in landing. 
Check landing without quick- 
reinflation. 

Nose high power approach with 
60° flaps gives better rate of 
descent control„ 

Landing checks without quick 
reInflation. 

No notable change in bounce even 
with 3 point landing. 

23 
7-28-59 
10 mln. 

24 
7-28-59 
20 mln. 

Demonstration for Marines. Landing, obstacles 6 3/8 and 
8 inch, ditches 24 x 6 and 
24 x 8 inch. 

Rough sod landing. No problem with minor obstacles 
but wide ditch produced bad 
bounce during taxi, 15-20 mph0 

25 
7-29-59 
15 mln. 

Demonstration. Quick reInflation disconnected. 
(Sams as Flight 23.) 

26 
3-29-60 
5 mln. 

Post periodic inspection test 
flight. 

Flight terminated early due to 
smoke in cockpit. Attributed 
to hot oil in wlndshteld de- 
froster ducto 

27 
3-29-60 
10 mln. 

Instrumentation check-out. 
High rate of descent landings. 

Quick reinflatlon connected. 
Noticeable bounce on each of 
two landings. 

'$ -soo-asA 
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»KDDEL H~2/>5B APPROVED  BY 

SUBJECT:-   INITIAL FLIGHT TESTS. HIGH FLOTATION LANBim  GEAR 

TABLE IIC - continuad 

LOG OF TESTS 

M-2Z5B HIGH FLOTATION LANDING GEAR 

DATE January 22, I960 

REVISED April 14,  I960 

Flight No, 
Date and 
Duration 

28 
4-1-60 
30 min. 

29 
4-1-60 
15 min. 

30 
4-4-60 
10 min. 

Purpoae 

High rate of descent landings. 

High rate of descent landings. 

High rate of descent landings. 

Remarks 

Quick reinflaticn connected. 
Four landings accomplished. 
8.85 fps max. sinking speed. 
Airplane inspected - no damage. 

Quick reinflation connected. 
Three landings accomplished. 
5.95 fps max. sinking speed. 

Quick reinflation connected. 
Two landings accomplished. 
10.25 fps max. sinking speed. 
Airplane inspected - no damage. 

Not et 

Total flight time of L-19A with H.245B gear = 5 hours 15 minutes. 

In addition to these tests, three flights were made for in-flight 
folding tests of the tire using a C-119G airplane, AF S/N 53-3136. 

July 31, 1959 
August 3, 1959 
March 23, I960 

1135-1210 (0+45) 
1425-1455 (0+30) 
1440-1520 (0+40) 

On the first flight a tire patch over an internal bungee attachment 
point blistered severely at altitude and taats with the tire lowered 
into the slipstream were not considered advisable. The patch was 
replaced and a second flight was flown during which an attempt to 
fold the tire at 85 knots was unsuccessful,, The tire was modified 
and successful folding was achieved on the third flight,, 

•S-800-23* 
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1-1—2/;5 hiph flotation tire mounted on test 
rig in C-119. lire is inflated and ready 
to be lowered into the slipstream for folding-
tests. 



Photo 36-919 FT245-1 

M-2A5 Hi-h flotation tire extended into 
slipstream at 95 knots. Iressure has been 
released from the tire but not from the 
internal tube arrangement. Hub rotation is 
just beginning. 



f. c • 

M-245 high flotation tire during folding 
cycle. Hub rotation hes begun. Tire 
pressure 'is deplete^ and pressure' remains 
in the internal diagonal tubes. 



J '• \ 

Photo 36-921 

M-24-5 high flotation tire. Folding sequence 
is nearly complete. Pressure is expended 
from bot,h the tire and internal ribs. Hub 
rotation is 90% complete and tire width is 
within two inches of the find folded width. 
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LAMPING GEAR TEST DATA, M-245D 

PAGE 
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DATE   Januar^  22,  I960 
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LIST OF TABLES 

Page 

Table I     L-19A Original Tire and Landing 
Gear Obstacle Loads ,. 2-5 

Table II     L-19A Landing Load Data, Original 
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Table III    L-19A High Flotation Tire Obstacle 
Loads 0  1^-47 

Table IV    L-19A High Flotation Tire Ditch 
Loads •«• •••••• ». 43-74. 

Table V     L-19A High Flotation Tire Landing 
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M-245 
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CUiCtkmt l,( APPROVKH BY 

SUBJECT:- 

APPENDIX I 

UNDING GEAR TKJT DATA,   M-2/;5D 
DATE    JanuaSg 22,  19^0 

REVISED    

PURPOSE 

To present data obtained in the initial ground 
and flight tests of the M-2A5B High Flotation 
Landing Gear installed on an L-19A aircraft. 

REMARKS 

The data presented in Tables I through VI is 
a detailed tabulation of data discussed in 
Report No. FT?45-1,  Its publication by this 
report is for reference and record purposes 
only. 

Details of iristrumencation and test configuration 
are also covered by the above report. 

The zero time referenced in those tables is the 
instant prior to obstacle contact or landing 
touchdown. 

S-800-23A 
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